A. M.A. 


ARCHIVES OF 


Industrial Hygiene 


Occupational Medicine 


EDITORIAL BOAKD 


PHILIP DRINKER, Chief 
55 Shattuck Street, Boston 15 


PHEODORE F. HATCH, Pittsburgh OSCAR A. SANDER, Milwaukee 
FENN EF. POOLE, Glendale, Calif. WILLIAM A. SAWYER, Rochester, N.Y. 
FRANK PRINCI, Cincinnati HERBERT FE. STOKINGER, Cincinnati 


JAMES H. STERNER, Rochester, N.Y, 


RICHARD J. PLUNKETT, M.D... Chicago, Managing Pditer 


APRIL 1952 
VOLUME 5 NUMBER 4 


Published Monthly by 


AMERICAN MEDICAL ASSOCIATION 


535 NORTH DEARBORN STREET © CHICAGO 10, ILLINOIS 


Entered as Second Class Matter Jan. 4, 1950. at the Postoffice at Chi 
ripti 


cago, Under the Act of Maret svi Annual Subs 


| FABLE OF CONTENTS FIRST PAGE 


and 
‘ 
| 


dead 


FOR BACTERIA 


Merrarues Disinfecting Solution offers you quick, convenient, effective 
disinfection of instruments without the use of steam or heat. In the absence 
of blood or exudate, common nonsporulating pathogenic bacteria (except 
tubercle bacilli) are killed in ten minutes. Consider these other advantages 
of Mrrarnen Disinfecting Solution: 


@ It does not rust. tarnish or corrode the most delicate instruments. 


@ It is nonvolatile. eliminating fire and explosion hazards. 
& It does not produc e fumes or offensive odors. 
@ Instruments may be used directly from the solution without irritating 
skin or oral tissue. 
‘Tests made under office conditions have shown that the effectiveness 
of Merarien Disinfecting Solution was not diminished even after 
one month of continual use. Try economical METAPHEN Disinfecting 


Solution now for fumeless disinfection. Available through 


your usual source in bottles of L quart and 1 gallon. Abbett 


elaphen’ Disinfecting Solution 


[Contoins Metaphen Nitromersol, Abbott 1.2500] 


fr 
ii 
ip 
| 
| } 
| 


CONTENTS 


Onginal Articles 


Studies on the Toxicity and Skin Effects of Compounds Used in the Rubber and 
Plastics Industries 


F. S. Mallette, Akron, Ohio, and E. von Haam, M.D., Columbus, Ohio.... 


Toxicity of Sulfuric Acid Mist to Guinea Pigs 


Mary O. Amdur, Ph.D.; Ruben Z. Schuls, M.D., and Philip Drinker, Ch.E., Se.D., 


Hazards from Thermal Decomposition of Motor-Insulating Materials 


Julius Sendroy Jr., Ph.D.; John ID). O'Neal, M.S., Bethesda, Md., and Grover C. Pitts, 
PhD)... ¢ harlottesville, l’a 


Man, Submarines, and Carbon Dioxide 
Commander Harry J. Alvis (MC), U. S. N., New London, Conn... 344 


Patissier’s Occupational Diseases 
F. Ronchese, M.D., Providence, R. 1 


Disinfective Action of Methyl Bromide, Methanol, and Hydrogen Bromide on 
Anthrax Spores 


Robert W. Kolb, M0.S.; Roy Schneiter, Ph.D.; Earl P. Floyd, M.S., and Dohrman H. 
influenza-Virus Vaccination in Industry 
C. F. Yeager M.D., Bridgeport, Conn 


The Physician in Industry and the “Alcoholic” Worker 
Leo lade, M.D.., New York 


Some Colloidal Properties of Inert Dusts 
R. F. Hounam, B.Sc., Wantage, Berks, England... d 37 


Concentrations of Particulates Found in Air 
Melvin W. First, Se.D., and Philip Drinker, Ch.E., Sc.D., Boston... 387 


Special Article 


Prophylactic Aspects of the Mental Health of the Physically Disabled 


Regular Departments 


Abstracts from Current Literature 


PAGE 
? 
5 
& 


HE A. M. A. Arcuives oF INpusTRIAL HyGIENE AND OccUPATIONAL MEDICINE is pub- 
lished by the American Medical Association as a medium for the advancement of 

knowledge on the diseases of industry and for the publication of scientific investigation 
and information in this field. 

Published material will in many respects be closely integrated with and reflect activities 
of the Council on Industrial Health of the American Medical Association and the American 
Industrial Hygiene Association. 

Correspondence relating to the editorial management, subscriptions, reprints, etc., should 
be addressed, A. M. A. Arcuives orf INpUsTRIAL HyGIENE AND OccUPATIONAL MEDICINE, 
American Medical Association, 535 North Dearborn Street, Chicago 10. 

Manuscripts for publication and books for review should be sent to Prof. Philip Drinker, 
Chief Editor, 55 Shattuck Street, Boston 15. 

Articles are accepted for publication on condition that they are contributed selely to the 
A. M. A. Arcnuives oF InpustriaL AND OcCUPATIONAL MeEpICcINE. Manuscripts must 
be typewritten, preferably double spaced, and the original copy should be submitted. Zinc 
etchings and halftones will be supplied by the Association when the original illustrations warrant 
reproduction and when their number is not considered excessive. 

Footnotes and bibliographies (the latter are used only in exhaustive reviews of the 
literature) should conform to the style of the Quarterly Cumulative Index Medicus. This 
requires, in the order given: name of author, title of article and name of periodical, with 
volume, page, month—day of month if the journal appears weekly—and year. 

Matter appearing in the A. M. A. Arcuives or INpUstTRIAL HyGIENE AND OCCUPATIONAL 
MEDICINE is covered by copyright, but as a rule no objection will be made to its reproduction in 
a reputable medical journal if proper credit is given. However, the reproduction for com- 
mercial purposes of articles appearing in this periodical or in any of the other publications issued 
by the Association will not be permitted. 

The A. M. A. Arcnives or INpustrtAL HyGIeNE AND OccUPATIONAL MEDICINE is issued 
monthly. The annual subscription price (for two volumes) is as follows: domestic, $8.00; 
Canadian, $8.40; foreign, $9.00, including postage. Current single copies are $1.00. 


Checks, money orders and drafts should be made payable to the American Medical 
Association, 


OTHER PERIODICAL PUBLICATIONS 
of the American Medical Association 


THE JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION. Weekly. Covers all the medical sciences 


and matters of general medical interest. Hlustrated. Annual subscription price (three volumes): domestic, 
$15.00; Canadian, $16.50; foreign, $19.00. Single coptes, 45 cents 


A. M. A. ARCHIVES OF INTERNAL MEDICINE- Monthly 
original clinical and laboratory investigations in internal medicine. Mlustrated. Annual subscription price 
{two volumes): domestic, $10.00; Canadian, $10.40; foreign, $11.00. Single copies, $1.00. 

A. M. A. ARCHIVES OF NEUROLOGY AND PSYCHIATRY Monthly. A medium for the presentation 
of original articles on nervous and mental diseases, with abstracts from foreign and domestic literature, book 
reviews, transactions of special societies. ete. Hlustrated. Annual subscription price (two volumes) : domestic, 
$12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 

A. M. A. ARCHIVES OF DERMATOLOGY AND SYPHILOLOGY Monthly. Devoted to advancing the 
knowledge of and progress in cutaneous diseases and syphilis. Publishes original contributions on these two 
subjects, transactions of the Important dermatological societies, book reviews, etc. Tllustrated. Annual sub- 
scription price (two volumes) : domestic, $12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 

A. M. A. AMERICAN JOURNAL OF DISEASES OF CHILDREN—Monthly. 
medical sclence and as a social problem. Includes carefully 
literature. abstracts from foreign and domestic literature. book reviews. transactions of special societies, ete. 
Illustrated. Annual subscription price (two volumes): domestic, $12.00; Canadian, $12.40; foreign, $13.50. 
Single copies, $1.25 

A.M. A. ARCHIVES OF SURGERY-—Monthly. Devoted largely to the investigative and clinical phases of 
surgery, with monthly reviews on orthopedic and urologic surgery. Well tllustrated. Annual subser.ption 
price (two volumes) : domestic, $14.00; Canadian, $14.40; foreign, $15.50. Single copies, $1.25, except special 
numbers 

A.M. A. ARCHIVES OF OPHTHALMOLOGY Monthly. Includes original articles on diseases of the eye, 
annual reviews of special subjects, book reviews, transactions of snecial societies. ete. Tlustrated. Annual 
subscription price (two volumes): domestic, $1200; Canadian, $12.40; foreign, $13.00. Single copies, $1.25. 

A. M. A, ARCHIVES OF OTOLARYNGOLOGY Monthly. A medium for the presentation of original 
articles on diseases of the ear, nose and throat, with abstracts from foreign and domestic literature, book 
reviews, transactions of spectal societies. ete. Tlustrated. Annual subscription price (two volumes) : domestic, 
$12.00: Canadian, $12.40; foreign, $13.00. Single copies, $1.25. 

A. M. A. ARCHIVES OF PATHOLOGY—Monthly. A periodical devoted to the publication of original 
articles and general reviews in the fleld of natholovy. Tlustrated. Annual subscription price (two volumes) : 
domestic, $8.00: Canadian, $8.40; foreign, $9.00. Single copies, $1.00, except special issues. 

QUARTERLY CUMULATIVE INDEX MEDICUS—A complete subject and author index to the worth while 


current medical literature of the world. Issued twice a year. Volumes bound for permanent reference. 
Subscription price, calendar year: domestic, $20.00; Canadian, $22.00; foreign, $22.00 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 


Devoted to the publication of advanced 


Presents pediatrics as a 
prepared reviews, based on recent pediatric 


CHICAGO 10 


+ 
. i 
| 
he 
1 


Greater Sensitivity — 
Increased Accuracy 
for the determination of 
TOXIC CONCENTRATIONS 
of AROMATICS 


BENZENE | TOLUENE | 


0 0 


SCALES CALIBRATED FOR CONCENTRATION OF ‘GASES ) 
PPM BY VOLUME—3 SQUEEZES REQUIRED 


...the New M. S. A. 


With maximum allowable concentrations for 
8-hour per day exposure to benzene set at 35 
ppm, and 200 ppm for both toluene and 
xylene, it is essential to know when these 
“safe limits*’’ are exceeded if workers ex- 
posed to these hazards are to be properly 
safeguarded. 

To help keep an accurate, constant check 
on these aromatic concentrations, the M.S.A. 
Research Laboratory perfected this Detector 
based on the method described by Hubbard 
and Silverman in this publication in July 1950, 
Vol. 2, No. 1. 

An important factor contributing to the 
greater sensitivity of this instrument is the 
technique employed in preparing the detector 


Call the M.S.A. Mon on your every safety problem 


ARC MATIC HYDROCARBON DETECTOR 


his job is to help you 


tubes. The ingredients for the tubes are mixed 
in the field. This “fresh mix” method assures 
the highest stability of indicating material. 

To obtain greater accuracy in reading, a 
length of stain is developed that increases with 
the increasing concentrations of aromatics. 
Concentrations are easily and quickly deter- 
mined on the cylindrical scale which is grad- 
uated separately for benzene, toluene and 
xylene. The original fill in the tubes is white, 
changing to brown after exposure. 

Complete details on this easy-to-use, com- 
pact device are described in Bulletin No. DD-1. 
Write for your copy. 


“Threshold limits adopted by the American Congress of 
Government Hygienists. 


MINE SAFETY APPLIANCES COMPANY 


BRADDOCK, THOMAS & MEADE STREETS 
PITTSBURGH 8&8, PA. 

At Your Service: 66 Branch Offices in the United States 
MINE SAFETY APPLIANCES CO. OF CANADA LIMITED 
Toronto, Montreal, Calgary, Winnipeg, 
Vancouver, New Glasgow, N.S. 
Representatives in Principal Cities in Mexico, 
Central and South America 
Cable Address: Pittsburgh 


gt 
| 150 
~ 
| 
150 
75) 
SP 
100 | 
: 
SAFETY EQUIPMENT HEADQUARTERS ) 
\ 
iy 
oe 


awider angle 


broad-spectrum therapy 


in ocular infections 


ANTIBLOTIC DIVISION, CHAS. PFIZER & INC. 
Brooklyn 6, N.Y. 


= 
/ 
4 


/ structures, as well as those associated 
-. with systemic infection, may respond 
quickly to Terramycin despite previous 
gesistance to other agents."* 


Capsures, 250 mg., 100 mg.,50 mg. 
Iwreavenovs, 250 mg., 500 mg. 


— 
ae ea] | Many infections peculiar to the ocular : : 
Often indicated in treatment of primary or secondary 
serpent ulcer of tive cornea, hordeole, 
: Te Sorunon,{ mg. perl | 
for infants: 200 mg. per cc. 
ay al, : Antibiotics & Chemotherapy 1:53 July) 1951. 
ond Tanaka, Ansibiosice & Chamatherapy 11146 May) 198 
(Pfizer) ‘World's largest producer of antibiotics 


THE CRIME: Causing Industrial Derma- 


titis Among Plant Personnel 


THE SENTENCE: Destroy on Sight with 
MILBURN PLY CREAM 


THE REWARD: Increased Production; 


Decreased Compensation Costs 


7, as Americans, are proud of our produc- 
tive ability. But hovering over the Industrial 
Worker is “Exposuritis,” causing “time off,” pro- 
duction leaks and high compensation costs. 
How can you stop this scourge? Introduce your 
personnel to Milburn PLY CREAM, a safe 
barrier against Industrial Dermatitis. PLY 
CREAM offers effective protection from most 
harsh irritants, yet it is gentle, easy to apply and 
remove. 


Inquire today into the Milburn Method for 
Plant Safety: a Free Survey of your indus- 
trial operation that will lead to increased 
production, greater profits. 


The 


ILBURN 


Company 
Detroit 7, Michigan 


Also makers of PLY-GARB and PLYGLOVS to guard against Industrial Hazards 


W 
“a 
| 
write, Wire 
or Phone 
|_| 
for the name 
of the 
Jobber nearest 
you 


A M = A 
Archives of Industrial Hygiene and Occupational Medicine 


VoLuME 5 APRIL 1952 NUMBER 4 


CopyRiGHT, 1952, BY THE AMERICAN MEDICAL ASSOCIATION 


STUDIES ON THE TOXICITY AND SKIN EFFECTS OF COMPOUNDS 
USED IN THE RUBBER AND PLASTICS INDUSTRIES 


|. Accelerators, Activators, and Antioxidants 


F. S. MALLETTE 


AKRON, OHIO 
AND 


E. VON HAAM, M.D. 


COLUMBUS, OHIO 
INDUSTRIAL ASPECTS 


ACCELERATORS AND ACTIVATORS 


N THE year 1839 Charles Goodyear discovered hot vulcanization, not in the 
happy tanner described in the school books, but as a result of hard research 
work. At that time the modern rubber industry may be said to have begun. The 
vulcanization of rubber comprises a chemical reaction by which its physical prop- 
erties are changed to increase its strength and elasticity and to improve its resistance 
to changes in temperature.’ Crude rubber, containing natural impurities, can be 
vulcanized satisfactorily with sulfur alone, while highly purified rubber cannot be 
vulcanized as well under the same conditions. The difference is due to the impurities, 
which evidently promote vulcanization. Substances of this kind are known as 


accelerators. 


The modern rubber industry does not have to depend on these natural acceler- 
ators, but has available a large number of compounds, mostly organic, which are 
more efficient and subject to control. These materials not only hasten vulcanization ; 
but also reduce the amount of sulfur necessary. Charles Goodyear patented the 


first artificial accelerator, basic lead carbonate. Litharge, lime, magnesia, and other 


inorganic accelerators were most generally used until the early 1920's, when they 
were almost completely supplanted by organic compounds. Among the early 
accelerators which are still in use are piperidinium cyclopentamethylene dithio- 
carbamate. Another is hexamethylenetramine, known as “hexa’”—a potent source 
of skin irritation. The carbon disulfide class of accelerators has been expanded 


since the derivative of aniline, thiocarbanilide, was discovered. Many carbon disul- 
fide aliphatic amine addition products have been used and improved by being 
converted to the corresponding monosulfides, disulfides, and esters. The substituted 
guanidines have also been developed. Diphenylguanidine and several of its homo- 
logues are extensively used. 

It was found that rapid acceleration could be accomplished by the use of several 
ingredients. Thus, carbon disulfide may be added as a xanthate, zine as zine oxide, 


From the Medical Department, Firestone Tire & Rubber Company, Akron, Ohio, and the 
Department of Pathology, Ohio State University, Columbus, Ohio. 

1. The Chemistry and Technology of Rubber, American Chemical Society Monograph 
Series, No. 74, New York, Reinhold Publishing Corporation, 1937. 
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and amine as dibenzylamine, and sulfur as sulfur; or carbon disulfide and an amine 
may be combined as a dithiocarbamate. Mercaptobenzothiazole, its derivatives, and 
related compounds are powerful accelerators and are extensively used. 

In the class of activators are compounds which by chemical interaction activate 
acceleration of the vulcanization of rubber—literally accelerators of accelerators. 
In order to achieve their full effect, many accelerators require activators such as 
zinc oxide or other metallic oxides ; some accelerators require a fatty acid. 


ANTIOXIDANTS 

Antioxidants, also known as age-resisters, antioxygens, antiagers, etc., are sub- 
stances which when added to rubber in small proportions retard atmospheric 
oxidation or the effects of oxidation. That rubber should oxidize in air is obvious 
when one considers that both raw and vulcanized rubber have, for example, 85% 
more unsaturation than linseed oil as shown by the iodine number of linseed oil, 
which ts from 175 to 200, while that of raw or vulcanized rubber is from 350 to 372. 

Although many inorganic materials have been considered for beneficial effects 
on the aging of rubber, the most effective are synthetic organic compounds. Many 
of the accelerators are also effective antioxidants. The dithiocarbamates, aldehyde- 
amines, and mereaptobenzothiazole when used in large proportions improve aging. 


REVIEW OF THE TOXICOLOGICAL LITERATURE 

Despite the great number and variety of organic chemical compounds used in 
the rubber industry, there is relatively little information on the physiological effects 
of these substances. Alice Hamilton * pioneered in the investigation of the health 
hazards of the rubber industry as early as 1914, but the last 20 years have seen a 
tremendous increase in complex organic compounding ingredients. Davis * con- 
sidered the toxicity of many of these materials in the early 1930's and provided 
some experimental data. Schwartz * has done extensive work on their skin effects. 
More recently Brieger and Hodes ® studied some of the organic accelerators, 
especially the thiocarbamic acid derivatives. The National Safety Council® has 
compiled a voluminous list of the compounding ingredients, but most of the data 
regarding the physiological effects are derived by questionnaires. New compounds 
are being developed so fast that systemic studies must be continuous. 

Accelerators and Activators.—Davis* reported on the use of aniline in the rubber 
industry. It is a well known volatile toxin of the central nervous system and 
hemopoietic tissue. Absorbed through the lung and the gastrointestinal tract, it may 


be an acute poison, even fatal in some cases, or a chronic poison leading to depres- 


2. Hamilton, A.: Industrial Poisons in the United States, New York, The Macmillan 
Company, 1925 

3. Davis, P. A.: Toxic Substances in the Rubber Industry: Benzol, Rubber Age 25:367, 
1920 

4. Schwartz, L.: Dermatitis from Synthetic Resins and Waxes, Am. J. Pub. Health 26:586, 
1936 

5. Brieger, H., and Hodes, W. A.: Toxicity and Toxicology of Several Accelerators Used 
in the Rubber Industry, read before the Industrial Hygiene Section, American Public Health 
Association, Cleveland, Nov. 14, 1946. 

6. Industrial Safety Series No. Ru. 1-Part 1; No. Ru. 3-Part II, National Safety Council, 
Inc., Chicago, 1945 

7. Davis, P. A.: Toxic Substances in the Rubber Industry: III. Aniline, Rubber Age 
25:611, 1929. 
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sion of hemopoiesis, degeneration of the kidneys, and disturbance of the gastro- 
intestinal mucosa. Acetaldehyde aniline, butyraldehyde aniline, and methylene 
aniline are essentially nontoxic but may contain free aniline in toxic amounts. Diaryl 
guanidine is an irritant of the skin, the conjunctivae, and the mucous membrane 
of the upper respiratory tract. Di-o-tolyl thiourea and methylene-p-toluidine may 
contain toluidine as an impurity, a toxin closely resembling aniline. The compound 
decomposes somewhat during the mixing and calendering process, releasing phenyl, 
mustard oil, and other irritating products. Hexamethylenetetramine is not a sys- 
temic toxin, according to Davis,* but is a skin sensitizer and one of the most 
troublesome materials used in the industry. It may release formaldehyde and 
ammonia from the rubber, causing severe skin irritation. Lead dimethyl dithio- 
carbamate is a soluble lead salt and hence carries the danger of causing plumbism. 
Methylene diphenyl diamine and p-phenylene diamine cause affections of the skin, 
nausea, kidney irritation, and paralysis. Piperidinium pentamethylene dithio- 
carbamate when heated gives off carbon disulfide and piperidine, both irritant 
inhalants. 

Antioxidants —Of the various compounds using the trade name “agerite” with 
some suffix, “agerite alba” is probably the most fateful antioxidant. In workers using 
rubber gloves compounded with this product severe cases of leucoderma developed. 
“Agerite” blend contains aryl amines which are toxic for the central nervous system 
and the blood. “Agerite” hipar and “agerite’” powder contain phenyl-8-naphthyl- 
amine, which is a powerful skin irritant. “Albasan” contains sufficient B-naphthol 
to cause irritation of skin, kidneys, and eyes.'° “Furac’’ #3 contains a sufficient 
amount of soluble lead salts to cause lead intoxication.'' “Oxynone” has reportedly 
produced dermatitis. No definite data on the systemic toxicity are available. 
Toluylene diamine produced destruction of red blood cells, degeneration of liver 
and spleen, and injury to the nervous system.’" 

Other accelerators, activators, and antioxidants listed by the National Safety 
Council as “toxic or irritant’’ (Groups | and 2) are the following compounds : 

Diaryl guanidine 

Accelerator No. 531 (a mixture of five parts “zenite,” three parts of methylene p-toluidine, 

and one part di-o-tolylguanidine ) 

“Aero” AC-50 (di-o-tolylguanidine and zine chloride ) 

“AFB” (90% phthalic anhydride, 10% 8-naphthol) 

Aldehyde ammonia 

Methylene ditolyldiamine 

Methylene phenylene diamine 

B-Naphthol 

a-Naphthylamine 


8. Davis, P. A.: Toxic Substances in the Rubber Industry: V. Hexamethylenetetramine, 
Rubber Age 26: 199, 1929, 

9. (a) Davis, P. A.: Toxic Substances in the Rubber Industry: XXIV.: Methylene 
Diphenyl Diamine, Rubber Age 30:313, 1932. (b) von Oettingen, W. F.: The Aromatic Amino 
and Nitro Compounds; Their Toxicity and Potential Dangers, Public Health Bulletin No. 271, 
1941. 

10. Lanza, A. J., and Goldberg, J. A.: Industrial Hygiene, London, Oxford University Press, 
1939. 

11. Wampler, F. J.: The Principles and Practice of Industrial Medicine, Baltimore, Wil- 
liams & Wilkins Company, 1943. 
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8-Naphthylamine 

p-Nitrosodimethylaniline 

“Safex” (2,4-dinitrophenyl-dimethyl-thiocarbamate ) 
“Tetrone” (dipentamethylene-thiuram-tetrasul fide ) 
Thiocarbanilide 

o-Toluidine 

p-Toluidine 

Triethyl-trimethylene-triamine 


Trimene base (concentrated condensation product of formaldehyde ) 


METHODS AND MATERIALS 


Toxicity INVESTIGATIONS 


Preparation of Materials—For the determination of toxicity of the compound the following 
method has been standardized. First, the physical properties of the material are determined. 
The physical state, color, and odor of the material are recorded. In case of liquids the specific 
gravity, the volatility, and the boiling point are determined. The next step is to determine the 
solubility of the compounds in various solvents. Water, plasma, mineral oil, and propylene glycol 
will dissolve most of the compounds. Sometimes heating is necessary. When compounds are abso- 
lutely insoluble, suspensions of finely powdered material may be administered intraperitoneally. 

Routes of Administration —Comparative investigations have shown that the peritoneal cavity 
offers the best site for rapid absorption of any administered material. For this reason the intra- 
peritoneal administration was chosen as the routine method for toxicity determinations. The 
material is injected either in solution or in suspension, or in certain instances it is placed in the 
peritoneal cavity through a small incision. Oral administration is effected by either adding the 
material to the food in 10 to 50% admixtures or, if the animals reject the material, administering 
it in oily suspensions through a stomach tube. Respiratory tract absorption of the material 
is accomplished by exposing the animals to the dust or vapors of the material in specially 
constructed dust- or vapor-exposure chambers in which the concentration can be controlled. 
Skin-absorption studies can be accomplished by painting the material on the depilated skin of 
the animals at intervals 

Determination of Toxic Dose Levels—To determine the toxic dose levels of a compound a 
range-finding procedure similar to that of Smyth and Carpenter !2 is used. In the first series 
of injections six animals are given 10, 100, and 1,000 mg./kg. of the compound to be tested. 
This series is followed by another which uses the toxic range found in the preceding experiment, 
and additional animals are given doses suggested by the method of Deichmann and LeBlanc 14 
for the determination of the approximate lethal dose of the compound. The second series of 
injections usually follows two weeks after the first, and this procedure permits a determination 
of the approximate toxic levels of any substance within the period of one month. 

Pathological Investigations —The animals receiving injections of the material are carefully 
observed for symptoms. The appearance of shock, convulsions, sudden death, anemia, weight 
loss, hematuria, and gastrointestinal symptoms is noted, with weekly determinations of weight 
and of the morphological blood picture. The animals that die are submitted to autopsy, and a 
careful histopathological study is made of all organs. The surviving animals are observed for 
one month, and all late effects, such as loss of weight, change in the fur, or alteration of the 
normal living habits, are noted. After this period the animals that have survived the highest 
doses are killed for pathological study. 


DETERMINATION OF SKIN EFFECTS 


The patch-testing method of determining skin irritation and sensitization is used. The mate- 
rials are first tested in concentrated form on laboratory animals. If the substance is found to be 
irritating, it is diluted to a concentration which produces no primary irritation in the animal. 


12. Smyth, H. F., Jr., and Carpenter, C. P.: The Place of the Range-Finding Test in the 
Industrial Toxicology Laboratory, J. Indust. Hyg. & Toxicol. 26:269, 1944. 

13. Deichmann, W. B., and LeBlanc, T. J.: Determination of the Approximate Lethal Dose 
with About 6 Animals, J. Indust. Hyg. & Toxicol. 25:415, 1945. 
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This diluted product is then applied to human subjects. Not less than 15 individuals are tested 
with each compound, and the material is placed by patch on the skin of the back and remains 
for 48 hours. The sensitizing effect of the substance is determined by reapplying the material 
to the skin after a waiting period of 14 days. The reactions are read as negative, light, moderate, 
or severe. Light reaction consists of a faint pinkish discoloration of the skin with slight scaling 
at late observation. A moderate reaction consists of a dull-red discoloration with edema, slight 
maceration, and possibly small petechiae. A severe reaction consists of a painful hemorrhagic 
inflammatory reaction followed by central necrosis and ulceration. Severe injury to human 
volunteers is avoided by cautioning individuals to remove the patch if uncomfortable irritation 
occurs. 
MATERIAL 

The compounds studied are listed with their trade names and their chemical composition in 

Table 1. Four common accelerators, three activators, and five antioxidants were examined. 


RESULTS 
Toxicity DETERMINATIONS 
The results of the toxicity determinations are listed in Table 2. The compounds 


of each group are classified according to their toxicity. A compound with an L.D.,, 


Taste 1.—Material Examined 


Trade Name Chemical Name 


Accelerators 


“Pip-pip” Piperidinium cyclopentamethylene dithiocarbamate 
“Isocyclex” N-lsopropyl benzothiazole sulfonamide 
“EL-Go” Bis-2-(benzothiazolylthiomethylurea 
“Thiopentex” N-cyclohexy! N-diethylthiocarbony] sulfonamide 
Activators 
Cyclohexylamine 
Cyclohexylammonium stearate 


Cyclohexylammonium formate 


Diamylphenol 


“Tonol” 2,6-di-tertiary-butyl4-metbylphenol 
“EFED” Tripheny! phosphite 

“Santowhite” Di-(4-tertiary-butyl-m-cresol) sulfide 
“Agerite white” 


of 6 gm./kg. of body weigiat is considered as “nontoxic for, prdctical purposes” ; ; 
one with an L.D.,, between 6 gm./kg. and 1 gm./kg. of body weight is considered 
as “moderately toxic,” and one with an L.D.,, between 1 and 0.1 gm./kg. of body 
weight is considered as “highly toxic.” The table also lists the important clinical 
observations observed in the experimental animals. In the last column the organs 
showing the most pronounced pathological changes are recorded. The lesions are 
mostly of the degenerative type and are combined with capillary hemorrhages and 
an inflammatory reaction. The latter is usually most pronounced in animals which 
survive the experiments for some time. The degenerative lesions primarily involve 
lymph follicles, secretory epithelium, and ganglion cells. All variants between simple 
parenchymatous degeneration and cell necrosis can be observed. 


Accelerators and Activators —Oi the accelerators, only “EL-60” proved non- 
toxic. “Pip-pip” and “‘isocyclex” must be considered as highly toxic, and the animals 
died with convulsions and the development of severe hemolytic anemias. Degener- 
ative lesions were observed in the heart, the brain, and the kidney and hemorrhages 
in the lung. Of the three activators of the cyclohexylamine group, the stearate 
compound was least toxic, while the others produced severe fatal shock with much 
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smaller doses. The liver appeared to be most often affected by any one of these 
compounds. 

Antioxidants —Ot the antioxidants, “ionol” can be considered as practically 
nontoxic, while “santowhite” and “agerite white” showed only a very low degree 
of systemic toxicity. The antioxidant “E FED” produced severe convulsions, anemia, 
and generalized malaise. The most pronounced pathological lesions were produced 
in animals which had received injections of diamylphenol and “EFED.” Hemor- 
rhagic encephalopathy and degenerative lesions of the heart and the kidneys were 
observed. “Santowhite” proved locally irritating, producing abscesses at the point 
of injection and some degenerative changes in the liver. 


EFFrects 
The results of the investigation of the skin reactions produced by the various 
compounds are listed in Table 3. Primary irritation of the animal skin is listed as 
“none,” “slight,” “moderate,” and “severe” ; the sensitizing effect, as “none,” “slight,” 


Taste 2.—Toxicity Experiments 


L. D.s0, 
Gm./Ke. 
Body Wt. 


Classifleatien 


Organs Showing 
of Toxicity 


Name of Pathological Changes 


Accelerators 
“Pip-pip’ 


“Teocyelex 


Compound Clinical Symptoms 


Highly toxic Convulsions Heart, brain, blood vessels 


“Thiopentex 
Activators 

Cyclohexylamine 
Cyclohexylammonium stearate 
Cyclohexylammonium formate 
Antioxidants 

Diamylphenal 

“Tonol 

‘EFED 


“Santowhite’ 


“Agerite white” 


or ‘moderate.’ 


Highly toxie 
Nontoxie 
Moderately toxic 


Highly toxie 
Moderately toxie 
Highly toxie 


Highly toxie 
Nontoxie 

Highly toxic 
Moderately toxie 


Moderately toxic 


Hemolytie anemia 
None observed 
Hemolytic anemia 


Severe shock 
None observed 
Severe shock 


Pulmonary hemorrhage 
None observed 
Convulsions 


Local irritation and 
abscess 
None observed 


Lung, spleen, kidney 
None observed 
Blood vessels, liver, kidney 


Brain, liver, kidney 
Liver and spleen 
Liver and spleen 


Brain, heart, kidney 
None observed 

Brain, heart, liver, kidney 
Liver and kidney 


None observed 


In the columns recording the tests on human subjects, the per- 
centages of individuals showing slightly positive and severely positive irritations 
alter the first application of the drugs are recorded together with the percentage of 
individuals giving a sensitization reaction. From these figures evaluations 
of the irritative and sensitizing effects on the human skin were made and listed in 
the last two columns. 


elecelerators and Activators.—Ot the accelerators, “pip-pip” was the only sensi- 
tizing compound. The others proved moderately or slightly irritating to animals 
and produced lightly positive reactions in the majority of the human test subjects. 
“Isocyclex” was the most irritating, “thiopentex” the least irritating. All three 
activators examined were irritating to animals and human subjects. Cyclohexyl- 
amine and cyclohexylammonium formate also proved sensitizing. 

Antioxidants.—-Antioxidants proved generally to be skin irritants, with the 
exception of “agerite white.” Severe irritation of the human skin could be avoided 
by diluting the compound 1:3 with cold cream. In spite of this precaution “EFED” 
produced a slight irritation in two-thirds of the individuals. All antioxidants proved 
moderately sensitizing. 
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The data from the toxicological and dermatological experiments are used as a 
means of estimating the industrial health hazards and as a basis for the recom- 
mendations of control measures, if these are necessary. 

In the case of toxic liquids or dusts a survey is made to determine the concen- 
tration of the hazard in the breathing zone. If the operation is infrequent or of short 
duration, approved respiratory protection may be recommended. If the hazard is 
continuous and serious, ventilation control is provided. This is particularly true 
in the case of compounding, Banbury mixing, milling, calendering, extruding, and 
other similar operations. 

With skin-irritating or skin-sensitizing compounds, the data provide information 
on which to base protective measures. Enclosure and ventilation of operations are 


3.—Determination of Skin Effects 


Human Tests 
Animal Tests (Cone. 100%)-—- 


Negative Light Severe Animals 
Irri- Sensi- Concen Reac Reac- Reac- Sensi- 
tative tizing tration, tions, tions, tions, tized, Irritative Sensitizing 
Name of Compound Effect Effect % % % % % Effect Effect 
Accelerators 
None Slight 100 13 87 0 16 Slight Moderate 
Moderate None 4 6 0 Moderate None 
Slight None 46 0 0 Moderate None i 
Activators 
Cyclohexylamine.......... Severe Moderate 25 3 13 Severe Slight 
Cyclohexylammonium..... Slight None 100 ly 27 ae | 0 Severe None 
stearate 
Cyclohexylammonium..... Moderate None 20 Severe Moderate 


formate 


Antioxidants 


Diamylphenol.............. Severe None »” 77 23 0 7 Moderate Slight 
Moderate None 100 71 20 0 Iv Slight Moderate 
Severe Moderate 25 33 0 Ww Severe Slight 
Severe Slight 25 SO 20 0 7 Moderate Slight 
None Slight 100 10 0 l4 Slight Slight 


sometime indicated ; in other cases, personal protective measures of the conventional , 


type can be used. 


SUMMARY 


The industrial aspects and the important toxicological literature of compounds 


used as accelerators, activators, and antioxidants in the rubber industry are reviewed. 
Twelve compounds at present used widely in the industry were studied toxicologi 

cally for their skin-irritating and skin-sensitizing properties. Wide ranges of 
toxicity, which could not be predicted by the chemical composition of the various 
compounds, were found by animal experiments. Skin tests showed that compounds 
of all three groups were mild to severe skin irritants and that many compounds, 
especially in the group of antioxidants, were moderately sensitizing. The results 
of these investigations do not measure industrial health hazard but point to the 
potentialities of these compounds and emphasize the importance of testing all new 
materials before they are introduced into the industry. Based on these data, indus- 
trial-hygiene studies can be directed toward determining the actual health hazard 
and designing controls therefor. 
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TOXICITY OF SULFURIC ACID MIST TO GUINEA PIGS 


MARY O. AMDUR, Ph.D. 
RUBEN Z. SCHULZ, M.D. 
AND 
PHILIP DRINKER, Ch.E., Sc.D. 
BOSTON 


] ELATIVELY little quantitative work has been done on the toxicity of sulfuric 

acid mist, although it is a fairly common atmospheric contaminant. Burns 
of skin and eyes due to contact with liquid sulfuric acid are frequent industrial 
accidents, but few reports exist regarding injury resulting from inhalation of the 
acid fumes or mist. Legge! reported only six cases in his collection of accidents 
over an 11-year period. Schwartz and Deckert? reported that some individuals 
exposed to dust containing sulfuric acid exhibited symptoms of conjunctival and 
nasal irritation with wheezing and coughing. Haggard * stated that sulfurie acid 


Results of Inhalation of Sulfuric Actd Mist in Guinea Pigs and Mice According to Mathur 4 


Concentrations of Sulfurle Acid 
My./Cu. M. of Air 


Guinea Pigs 
None None <5 


Mice 
<160 
160-200 
200-500 


Symptoms Mortality 


Slight None 15-40 
Murked Probably none 40-60 


Marked Definite >500 


acts as an upper respiratory tract irritant and that death occurs from edema or 
spasm of the larynx. 

Mathur and Olmstead * reported that guinea pigs were much more sensitive to 

inhalation of sulfuric acid mist than were mice. The accompanying table shows 
the results they found for the two species after a half-hour exposure. The cause of 
death was spasm oi the larynx rather than pulmonary damage. 
This study was supported by a grant from the American Smelting and Refining Company. 
From Harvard University School of Public Health, Department of Industrial Hygiene (Dr. 
Drinker and Dr. Amdur) and Harvard University Medical School, Department of Pathology 
(Dr. Schulz). 

1. Legge, T.: Industrial Maladies, edited by S. 
Press, 1934, p. 151. 

> 


2. Schwartz, L., and Deckert, W.: Concerning Dust Containing Sulfuric Acid, Zentralbl. 
Gewerbehyg. 3:314, 1926. 


A. Henry, London, Oxford University 


3. Haggard, H. W.: Action of Irritant Gases upon Respiratory Tract, J. Indust. Hyg. 
§:390, 1924. 


4. Mathur, K., and Olmstead, P.: Inhalation Toxicity of Sulfuric Acid Mist: Animal 


Experiment Study of the Problem, Thesis, Harvard School of Public Health, Boston, Sep- 
tember, 1949. 
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Treon and associates ° also reported a considerable species variation in response 
to inhalation of sulfuric acid mist. They, too, found that guinea pigs were much 
more sensitive than mice. Rats and rabbits were even more resistant than mice. 

We were interested in studying the effect of low concentrations of sulfuric acid 
mist rather than the effect of massive doses such as are required to produce symp- 
toms in mice or rabbits. We chose the guinea pig as the most suitable experimental 
animal for our purposes. Since we were interested in the response to longer periods 
of exposure, more nearly equivalent to industrial or environmental conditions, our 
shortest exposure period was 8 hours and our longest 72 hours. 

For the past two years Dr. M. D. Thomas and associates have been operating 
an automatic sulfuric acid analyzer in an industrial area. Visible amounts of sul- 
furic acid aerosol are known to occur and are largely uncontaminated by other 
aerosols. The concentration has never exceeded 0.4 mg. per cubic meter, while the 
average was less than 5% of this value. 


Fig. 1—Apparatus for exposing guinea pigs to sulfuric acid mist: S, syringe feed; H, Glascol 
mantle; fan; chamber; D; and Dz, drying tubes; 2; and filters; and flowmeters ; 
R, rotometer; P, precipitator; C, Ford spark coil. 


In the Los Angeles area, where oil and natural gas are the fuels used, concen- 
trations up to 0.24 mg. per cubic meter of air have been reported.® Such concen- 
trations are to be expected occasionally in industrial communities burning soft coal. 

Dr. Thomas and co-workers expect to publish their findings and will include 
animal experiments, describing the results of exposures in this range. They will 
show, also, the effects of variations in particle size. 


EXPERIMENTAL PROCEDURE 


The apparatus used in exposing the guniea pigs to sulfuric acid mist is shown in Figure 1. 
The mist was generated by feeding sulfuric acid from a 5-ml. syringe driven by an electric- 
clock motor into a 500-ml. three-necked flask heated with a Glascol mantle. Filtered, dried 


5. Treon, J. F., and others: 
(Dec.) 1950. 

6. The Smog Problem of Los Angeles County, Third Interim Report, Stanford Research 
Institute, Stanford, Calif., 1950. 


Toxicity of Sulfuric Acid Mist, Arch. Indust. Hyg. 2:716 
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compressed air passing through the flask at the rate of 1 liter per minute swept the vapors into 
the main stream of filtered, dried room air which was drawn through the exposure chamber 


by a pump. It was found necessary to control humidity in order to prevent condensation. 


Chemically dry air was not needed, but it was found best to keep the per cent relative humidity 
in the experimental chamber at about 40 to 45%. 


The rate of the main air stream was usually 
about 10 liters per minute. 


The exposure chamber was a lucite® box 1 by 2 by 1 ft. (30 by 60 
by 30 cm.) strengthened by an aluminum frame. 


A small rubber-bladed fan promoted uniform 
concentration of mist within the chamber. 


The acid mist was sampled by an electrostatic precipitator as described by Weber.” Air 
from the chamber was drawn through the precipitator at the rate of 2 liters per minute. A bypass 
system removed air from the chamber at this same rate when the precipitator was not operating, 
so that no change in air flow would be caused by sampling. 


The acid thus collected was rinsed into a conductivity cell previously calibrated against 


standard sulfuric acid. The concentration remained constant to + 5% throughout the exposure 


Variations in concentration were obtained by varying the dilution of the acid used in 
the syringe feed, and small changes were obtained by varying the air flow. 
Particle-size 


periods 


measurements were made on samples collected by a cascade impactor and 
determined chemically according to the method described by May." These measurements showed 
that the mean particle size was about 1 #, or smaller than those used by Mathur (2 to 5) 
and by Treon (24). The size of sulfuric acid particles occurring in the atmosphere of Los 


Angeles has been reported by Mader and associates ® as 0.75#, so that our particles are in the 


size range that might be expected to occur as atmospheric contaminants. 


RESULTS OF EIGHT-HOUR EXPOSURES 


Qur first group of experiments was set up to establish the L. D.59 concentration 
of sulfuric acid mist based on an eight-hour exposure period, For this work guinea 
pigs of two different ages were used. The first group was a vear and a half old and 
weighed on the average slightly over a kilogram. The second group was 1 to 2 
months old and weighed on the average 250 gm. 

The mortality data for these two groups are shown in Figure 2. In these experi- 
ments age had a distinct effect on the sensitivity of the guinea pigs to the acid mist. 
The older animals proved to be much more resistant than the younger ones. The 
I. ).59 for the older animals was 50 mg. of sulfuric acid per cubic meter of air, with 
95% limits of 34 to 71 mg. per cubic meter. These animals withstood a concentra- 
tion of 20 mg. per cubic meter for eight hours with no mortality. For the younger 
groups, however, the L.. D.s9 was 18 mg. per cubic meter, with 954 limits of 16 to 
21 mg. per cubic meter. In order to reduce mortality among these animals to zero 
for an eight-hour period it was necessary to reduce the concentration to 8 mg. per 
cubic meter. The ditference in L. D.s59 for our young and old groups is statistically 
significant. 

\nimals that died during the exposure were removed from the chamber at once 
for autopsy. The lungs of these animals showed gross areas of hemorrhage, tre- 


quently most pronounced around the hilar regions. In some instances the whole 


lungs were cherry red. Nasal bleeding was observed in some animals exposed to 


higher concentrations. Frequently surface hemorrhage of the adrenal glands was 


observed, but other than this all organs appeared grossly normal, 


7. Weber, H. C.: Quantitative Analysis of Mists and Fogs, Especially Acid Mists, J. Indust. 
Engin. Chem, 16:1239, 1924 

8 May, kK. R.: The Cascade Impactor: 
J. Se. Instruments 22: 187, 1945 

® Mader, P. P.; Hamming, W., and Bellin, A.: Determination of Small Amounts of Sul- 
furic Acid in the Atmosphere, Analyt. Chem. 22:1181, 1950. 
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Microscopically, these lungs revealed a picture of hemorrhage and edema. There 
was an outpouring of leucocytes and erythrocytes into the alveolar spaces, as well 
as considerable congestion of bronchi, alveoli, and blood vessels. Some congestion 
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Fig. 2.—Guinea pig mortality for an eight-hour exposure period. The small number above 
each point indicates the number of animals used. 


Fig. 3—Lung section of guinea pig dying after 3% hours of exposure to 19 mg. per cubic 
meter. 150 


was observed in adrenals and spleen, but pathologic change was not severe in these 
organs. Figure 3 shows the lung of an animal that died after being exposed for 
342 hours to a concentration of 19 mg. per cubic meter. 
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Fig. 4—Lung sections of guinea pigs exposed for eight hours to 19 mg. of sulfuric acid per 
cubic meter of air. (C x T = 152). A, animal killed two weeks after exposure. 8, animal 
killed three weeks after exposure. Magnifications, « 150. 
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Fig. 5—Sections of guinea pig lung; & 12: A, control; B, animal exposed for eight hours 
to 8 mg. of sulfuric acid per cubic meter of air and killed 20 days after exposure; C, animal 
exposed for 72 hours to the same concentration and killed one week after exposure. 
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Sections of guinea pig lung; 


150: 4, control; B, animal exposed for eight hours 
to 8 mg. of sulfuric acid per cubic meter of air and killed 20 days after exposure; C, animal 
exposed tor 72 hours to the same concentration and killed one week after exposure. 
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Fig. 7.—Sections of guinea pig lung; % 585: 4, control; B, animal exposed for eight hours 
to 8 mg. of sulfuric acid per cubic meter of air and killed 20 days after exposure; C, animal 
exposed for 72 hours to the same concentration and killed one week after exposure. 
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Animals that survived exposure were killed at various intervals up to three 
weeks. It is interesting to note here that even when exposure was made to con- 
centrations great enough to produce 50% or more mortality in eight hours, there 
were only one or two isolated instances in which the animals that had survived died 
spontaneously within this period. In general, the severe hyperpnea observed at 
concentrations of 12 mg. per cubic meter and above (for 1- to 2-month-old animals ) 
disappeared rapidly when the animals were removed from the chamber at the end 
of the day. Within an hour the animals appeared normal. The animals that died 
after exposure continued labored breathing and were either found dead the follow- 
ing morning or died before noon of the following day. 

The gross pathologic examination of the lungs of animals killed after exposure 
disclosed spotty areas of old hemorrhage and some areas of consolidation, especially 
around the hilar regions. Adherence to the diaphragm and pleural walls was some- 
times observed. 

Histologically, these lungs showed a general picture of pneumonic changes and 
fibrosis. There were thickening of the alveolar walls, atelectasis, and congestion of 
the alveolar spaces and bronchi. In general the picture was that of a severe inflam- 
matory process that had subsided, although there seemed to be some evidence of 
hemorrhage in many cases that appeared to be more recent in origin than would be 
expected. No severe pathologic alteration of the other organs was observed. Figure 
44 shows the lung of an animal killed two weeks after it had been exposed to a 
concentration of 19 mg. per cubic meter for eight hours. Figure 4B shows the lung 
of an animal from the same group killed three weeks after exposure. There are 
obviously areas where lung damage is relatively severe as long as three weeks after 
a single eight-hour exposure. 

The lung damage present three weeks after an animal had been exposed for 
eight hours to a concentration of & mg. per cubic meter is shown in Figures 5B, 
6B, and 7B. Study of sections of control lung at comparable magnifications (Figs. 
54, 6A, and 7A) indicates at once that some lung damage has resulted. The thick- 
ening of the alveolar walls and the cellular infiltration are similar to that seen in 
animals exposed to higher concentrations. As would be expected, however, the 
over-all damage 1s much less severe. 


RESULTS OF LONGER EXPOSURES 


The second group of experiments was designed to determine the effect of longer 
continuous exposure to low concentrations of sulfuric acid mist. For this series 


guinea pigs 1 to 2 months old were used and were exposed for continuous periods 
up to 72 hours. 


Figure 8 shows our mortality findings for these experiments. A concentration 
of 8 mg. of sulfuric acid per cubic meter of air produced no fatality for our eight- 
hour exposure of animals of this age group. Contrary to our expectations, con- 
tinuous exposure at this concentration for periods up to 72 hours failed to produce 
any mortality. There are 68 animals for our 8-hour point, 58 for our 24-hour point, 
and 30 for our 72-hour point. Thus we are probably safe in saying that a concen- 
tration of 8 mg. per cubic meter will not prove fatal to guinea pigs. 

Since this concentration gave us no mortality even for this exposure period, we 
decided to investigate the effect of extension of time on some of those doses which 
produced a slight mortality in an eight-hour period. The mortality rate changes 
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Fig. 8—Mortality for 72 hours’ exposure of 1 to 2-month old guinea pigs. The small num- 
ber above each point indicates the number of animals used. 


Fig. 9.—Sections of trachea of guinea pig exposed 72 hours to 8 mg. of sulfuric acid per 
cubic meter of air and killed one week after exposure: 4, « 20; B, x 150. 
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very little at concentrations of 12 and 16 mg. per cubic meter, regardless of whether 
the exposure is 8 or 72 hours. At 20 mg. per cubic meter the mortality rises from 
50% at 8 hours to 80% at 24 hours. In concentrations of 40 mg. per cubic meter 
and above, all animals succumb very rapidly, in a matter of a few hours at most. 
The surviving animals were killed at various intervals up to three weeks after 
the end of the exposure period. The changes were of the same type as those found 
in the eight-hour exposures. Damage was often severe enough that large areas of 
the lung were so consolidated and infiltrated with cellular material that buoyancy 
was completely lost. As before, the changes were concentrated in patchy areas, 
but a large percentage of the lung was involved. Figures 5C, 6C, and 7C show the 
lung of an animal killed a week after it had been exposed to 8 mg. per cubic meter 
for 72 hours. Figure 9 shows the damage resulting to the trachea, with sloughing- 
otf of epithelium. 
COMMENT 


Sulfuric acid possesses two distinct and different toxic actions. First of all it 
acts to produce respiratory difficulty and laryngeal spasm—a characteristic of many 
pulmonary irritants. For this response, concentration of acid is much more impor- 
tant than time of exposure. Secondly it acts to produce deep-seated lung damage 
from which recovery is very slow. The concentration time or total exposure dose 
is the important factor here. 

It is the spasm-producing action which makes the guinea pig so sensitive to 
the action of sulfuric acid mist. Rats, mice, and rabbits are much less susceptible 
to laryngeal spasm than are guinea pigs and therefore remain alive in atmospheres 
containing many times the amount of sulfuric acid producing 100% mortality among 
guinea pigs. A concentration of 8 mg. per cubic meter is not great enough to 
produce spasm in the guinea pig. There is, therefore, no mortality at this concen- 
tration. At higher concentrations, the spasm-producing action and with it the 
mortality increases as we have shown in Figure 2. 

That time of exposure, up to 72 hours at least, has only a slight effect on the 
spasm-producing action is shown by the data presented in Figure 8. The laryngeal 
spasm kills quickly, within four to eight hours, those animals presumably the most 
susceptible. The total-exposure basis cannot be used for evaluation of this action. 
In other words, a concentration time value of 120 given as 40 mg. « 3 hr. pro- 
duced 100% mortality, 160 given as 20 mg. & & hr. produced only 50% mortality, 
while 576 given as 8 mg. * 72 hr. caused no mortality at all. Regarded by this 
action alone, it would appear that concentration is by far the most important factor 
in determining the safe level of exposure to sulfuric acid mist, and that all but the 
individuals more susceptible to laryngeal spasm survive. 

Haggard * emphasized the fact that only an apparent and never a real tolerance 
is developed toward respiratory irritants. That this is true for the guinea pig’s 
inhalation of sulfuric acid mist is shown by examination of the comparative severity 
of lung lesions. If Figures 528, 6B, and 7B for an animal exposed for 8 hours to 
a concentration of 8 mg. per cubic meter (C & T = 64) are compared with Figures 
5C, 6C, and 7C for an animal exposed for 72 hours to the same concentration 
(C « T == 576), one observes at once the additive toxic effects of sulfuric acid 
mist. The lung of the 8-hour animal is certainly damaged but only slightly. The 
damage to the 72-hour animal, on the other hand, is severe. The mortality was of 
course zero for both groups. 
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The importance of total exposure dosage to pathologic change of the lungs is 
further shown by a comparison of Figure 68 (C x T = 64), Figure 4 (C x T = 
152), and Figure 6C (C x T = 576). There is an obvious increase in severity of 
lung damage as the total exposure dose increases. The danger of basing conclusions 
regarding the toxicity of sulfuric acid on mortality data alone is clearly demon- 
strated by the fact that in surviving animals the lung damage is much greater in 
animals exposed to doses producing no mortality in 72 hours than in animals 
exposed to doses producing 50% mortality in & hours. 

Mathur and Olmstead * concluded that the action of sulfuric acid is mainly one of 
producing spasm and that little damage results to the lungs from inhalation of this 
acid. Although they used concentrations up to 65 mg. per cubic meter, their exposure 
periods were only half an hour. The absence of lung damage which they reported 
becomes understandable when one considers that their total-exposure dosage was only 
C x T = 32.5. We have shown that a value of 64 causes only relatively slight lung 
damage. 

We have shown not only that sulfuric acid produces deep-seated damage of 
lung tissue but also that repair of this damage is very slow. The changes found 
almost a month after single exposures were much more obvious than would normally 
be expected and in many cases there appeared to be hemorrhage of more recent 
origin. On the surface these animals appeared to be doing well enough, but when 
autopsy shows impairment and severe damage to 30% or more of the lung tissue, 
one can hardly consider such animals normal. This long-term effect is still another 
aspect of sulfuric acid toxicity and one which needs investigation before our under- 
standing of the subject is complete. Repeated inhalation of sulfuric acid, at least 
in the concentration used by us, produces more severe and long-lasting damage than 
has previously been thought. 
SUMMARY 


Guinea pigs were exposed to sulfuric acid mist for periods of from & to 72 hours. 
The mean particle size was lp. In the eight-hour exposures for animals a year 
and a half old, L. D.s9 was 50 mg. per cubic meter and L.. D., was 20 mg. per cubic 
meter. For animals 1 to 2 months old, L. D.59 was 18 mg. per cubic meter and 
L. D.o was 8 mg. per cubic meter. The difference in sensitivity between old and 
young animals was statistically significant. For exposures extended up to 72 hours, 
the mortality did not increase with time when the concentration was below the 
L. D.s50 level of 18 mg. per cubic meter. Sulfuric acid mist has two distinct toxic 
actions: It produces laryngeal spasm and also causes deep-seated damage of the 
lungs. The first action is the immediate cause of the high mortality rate observed 
in guinea pigs exposed to the acid mist. This action depends on concentration, of 
sulfuric acid much more than on time of exposure. The severity of the lung damage 
is dependent on total dosage rather than on concentration alone. A concentration of 
8 mg. per cubic meter given for 72 hours (C x T = 576) produces much more 
extensive lung damage than does a concentration of 20 mg. per cubic meter given 
for eight hours (C * T = 160), although no mortality is produced by the first 
dose and 50% mortality is produced by the second dose. The lung damage is still 
observed as long as a month after a single exposure. 

Dr. John Robuck and Dr. Karl-David Lundgren gave technical assistance in the early part 


of this work. Mr. Glenn Johnson and Mr. Charles Billings made the particle-size measure- 
ments. The histological sections were made by Miss Virginia Powell. 
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HAZARDS FROM THERMAL DECOMPOSITION OF 
MOTOR-INSULATING MATERIALS 


JULIUS SENDROY Jr., Ph.D. 
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BETHESDA, MD. 
AND 
GROVER C. PITTS, Ph.D. 
CHARLOTTESVILLE, VA. 


HE DEVELOPMENT of 
an appraisal, for industrial 
ciated with their use in closed 


new types of electrical insulating materials requires 
and military purposes, of the possible hazard asso- 
spaces. Of special interest in this connection has 
been a study of the conditions under which motors insulated with various plastics 
may be considered safe for use in submarines. 

To evaluate the medical acceptability of such equipment, tests have been made 
to determine the kind and the amount of noxious gases produced when motors are 
operated continuously at high (overload) temperatures for abnormally sustained 
periods of time.’ This report is concerned with the operation of electrical machinery 
fabricated with two types of insulation: (@) a class-B motor insulated with material 
(CNSV ) containing a natural phenolic liquid extracted from the shell of the cashew 
nut, and (/) a special motor insulated wholly with an inert resin (PTFE) made 
by the polymerization of gaseous tetrafluoroethylene.* 

From a description of the processing of commercial raw cashew-nut-shell liquid 
in the manufacture of insulating varnishes * it seemed reasonable to expect that 
phenol, formaldehyde, ammonia, and carbon monoxide might be present in sig- 
nificantly toxic concentrations, as thermal decomposition products of such materials. 


Inasmuch as analyses made by mass spectrometry of samples of chamber air taken 


From the Division of Chemistry, Naval Medical Research Institute, National Naval Medical 
Center. 


Present address of Dr. Pitts: Department of Physiology, University of Virginia, Charlottes- 
ville, Va 


The opinions expressed are the authors’ and do not necessarily reflect those of the Navy 
Department. 


1. Shea, T. E., Jr.; Pitts, G. C., and O'Neal, J. D.: Effect of Temperature and Operation 
Time upon the Production of Noxious Gases from Silicone-Insulated Electrical Equipment 
Under Conditions of Simulated Submarine Operation, Project X-755, Report No. 1, U. S. 
Department of Navy, Naval Medical Research Institute, Dec. 9, 1947. 


2. These plastics are manufactured by the Irvington Varnish and Insulator Company, Irving- 
ton, N. J., and by E. I. Du Pont de Nemours and Company, Arlington, N. J. 
3. Harvey, M. T., and Caplan, S.: 


Cashew Nut Shell Liquid, Indust. & Engin. Chem. 
$2: 1306-1310, 1940 
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during preliminary “curing” tests of a CNS\V-insulated motor * showed no detec- 


table concentrations of other than normal atmospheric constituents, individual 
measurements of the above volatile substances, only,’ were carried out by established 
methods. 


Although there is much uncertainty regarding the identity of all of the volatile 


products of combustion of a fluorocarbon, on the basis of information available 


from various sources‘ it is clear, at least, that when the PTFE polymer is heated 


in moist air, the gaseous monomer tetrafluoroethylene, carbon tetrafluoride, and 


hydrofluoric acid may be produced. Because analysis of “curing”-run* samples 


by mass spectrometry showed only normal atmospheric constituents in detectable 


concentrations in chamber air, and because of the comparative insignificance, in 


occurrence and toxicity, of other fluorine-containing gases as compared with hydro- 


gen fluoride, attention was confined solely to the latter as representative of this 


class of products of combustion. Analyses were also made, of course, for carbon 


monoxide. 


TEST PROCEDURES 


AND METHODS 


In each experiment, the motor under test was operated in a closed space at an overload 
such that the heat developed led to a marked rise above ambient temperature. Experiments of 
96 hours’ duration were carried out at constant winding temperatures of approximately 150, 
200, and 250 C. Finally, the temperature of each piece of equipment was allowed to rise to a 
point causing electrical or mechanical failure. The composition of the closed atmosphere was 
followed by gas analyses at periodic intervals. Information on the physiological and toxic effect 
of the change in atmosphere was obtained from the blood analyses of rats kept in the experi- 
mental chamber for the duration of the experiment. Each motor tested was subjected to a 


preliminary 24-hour “curing” run at the temperature at which the first 96-hour test was made, 
i. €., at the temperature at which it was first used.4 At this time samples were taken for mass 


spectrometry and other preliminary analyses. 


4. The phenomenon of “curing,” i. e., the initial high rate of evolution of combusting products 


on heating at a given temperature, may manifest itself at a particular temperature or over a range 
of them, depending on the substances produced. Nevertheless, it is reasonable to look for signifi- 


cant amounts of products, such as the ones considered, and others unknown, as a result of the 
initial heating. An attempt was made in this work to eliminate this as a factor affecting the 
results at least partially, by recourse to an initial 24-hour “curing” run or heating operation of 
each motor just prior to the first use, as indicated under “Test Procedures and Methods” in 
this article. 


5. Although cyanides have been found when heat was applied to a series of phenolic-type 
thermosetting plastics (Berger, L. B.; Schrenk, H. H.; Gale, J. A.; Stewart, R. W., and 
Seiffert, L. E.: Toxicity and Flame Resistance of Thermosetting Plastics, R. I., 4134, U. S. 
Department of the Interior, Bureau of Mines, 1947), these decomposition products were quanti- 
tatively of a lower order of magnitude than the amounts of carbon monoxide produced. Hence, 
with relative toxicities taken into account, they have been considered as of minor significance 
in comparison with the values found for carbon monoxide, and no analyses for them were done 
in this work. 


6. Cady, G. H.: The Thermal Decomposition of Fluorocarbons: Conference on Fluorides 
and Fluorocarbons, Sponsored by the Office of Naval Research, U. S. Department of Navy, 
Jan. 27-28, 1949, p. 41. 

7. (a) Renfrew, M. M., and Lewis, E. E.: Polytetrafluoroethylene: Heat Resistant, Chemi- 
cally Inert Plastics, Indust. & Engin. Chem. 38:870-877, 1946. (b) Fluorine-Containing Gases 
Evolved by Polytetrafluoroethylene When Heated in Air: Report BM-168, submitted by Gas 
and Dust Section and Electrical-Mechanical Section, Bureau of Mines Central Experiment 
Station, Pittsburgh, to Bureau of Ships, Aug. 1, 1947. Cady.® 
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The motors tested were placed in the high-pressure chamber at the Naval Medical Research 
Institute. This chamber, containing 190 cu. ft. (5.4 cu. m.) of space, was sealed gastight and was 
provided with means of controlling the ambient temperature without introducing or withdrawing 
air except for sampling purposes during the test 


The ratio of test motor horsepower to test 
chamber size corresponded 1 


1 with the 35,000 cu. ft. (991.1 cu. m.) hull of a submarine operating 
with all auxiliary motors running at full-rated amperage 


Thus, the conditions aboard a sub- 
merged submarine were closely simulated 


The equipment to be tested was secured to a motor test block inside the chamber. Powered 
from the 440-volt supply to the Institute, the motor drove a nonsilicone direct-current generator 
by means of two pulley belts. The amperages developed by the motor were indicated on ammeters 
located outside the chamber, and were controlled by resistances similarly located. 


Frequent 
amperage readings, made at regular 


intervals, were recorded; voltages developed by the 


generator were likewise observed and recorded. 
Iron-constantan thermocouples located at six different points within the chamber were used to 
record temperatures six times an hour on a Leeds and Northrup Micromax Temperature Indi- 


cating Recorder (range, zero to 300 C.). The positions of the thermocouples were as follows : 


two were wound-in, within the motor insulation itself, one on each side of the motor; one was 
placed on the generator frame, and the other three were located above and near the rat cages. 


In addition, mercury thermometers were suspended inside the chamber where they could be 
observed through the glass ports 


At the start of each test the chamber was sealed and placed under a pressure equal to 40 in. 
(101.6 em.) of water. This was found necessary to insure a tight seal of the hatches, and to 
provide sufficient pressure to permit sampling of the chamber air by the methods described. 


During a normal test of 96 hours’ duration the pressure would decrease gradually to about 3 
to 5 in. (75 to 125 mm.) of water at the end 

Samples of chamber air, for analysis, were withdrawn at the start, at 24-hour intervals, and 
at the end of each test. Less than 250 ml. each day was used in the analysis for oxygen and 
carbon dioxide by the method of Haldane.* About 2 liters per day was used in the analysis for 
carbon monoxide by the iodine pentoxide method as modified at this Institute. About 1.4 cu. ft. 
(0.04 cu. m.) were used each day in the analysis for phenol and formaldehyde. This air was 


scrubbed through towers containing alkaline, double-distilled water and analyzed for phenol 


by the diazotized sulfanilic acid method of Jacobs * and formaldehyde by the chromotropic acid 


method of Bricker and Johnson.'° The chamber air was analyzed for hydrogen fluoride by the 
method of Talvitie.'! For this purpose, 9 liter samples were slowly bubbled through 250 ml. 
of 0.05-N sodium carbonate solution, of which 100-ml. aliquots were used for analysis. 

For blood analyses, and as indicators of toxicity, in each test six normal white rats were 
exposed, three to a cage, with adequate food and water. One cage was placed near the chamber 
lock, the other was located on the floor of the test chamber near the operating motor. At the 
conclusion of an experiment the rats were immediately removed from the chamber and _ bled. 
Samples of blood, obtained by snipping off the tip of the animal's tail, and digitally expressing 
the number of drops required, were analyzed for carboxyhemoglobin by the method of Scholander 
and Roughton.'* Per-cent saturation with carboxyhemoglobin was calculated on the assumption 
that the carbon monoxide capacity of rat blood is 21 vol. %. This assumption is supported by 


8. Haldane, J. S.: Methods of Air Analysis, London, Charles Griffin & Co., Ltd., 1912. 
9. Jacobs, M. B.: Phenol Diazotized Sulfanilic Acid Method: Analytical Chemistry of 
Industrial Poisons, Hazards and Solvents, revised reprint 2, New York, Interscience Publishers, 
Inc., 1944. p. 548. 

10. Bricker, C. E., and Johnson, H. R.: Spectrophotometric Method of 
Formaldehyde, J. Indust. & Engin. Chem. (Analyt. Ed.) 17:400-402, 1945. 

11. Talvitie, N. A. 
and Alizarin, J. Indust 


Determining 


Colorimetric Determination of Fluoride in Natural Waters with Thorium 
& Engin. Chem. (Analyt. Ed.) 15:620-621, 1943. 
12. Scholander, P. F.. and Roughton, F. J. W.: 


Microgasometric Estimation of the Blood 
Gases: IT. Carbon Monoxide, J 


. Biol. Chem. 148:551-563, 1943. 
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measurements of the hemoglobin content of normal rat blood.'’ It is to be stressed that although 


the values for rat carboxyhemoglobin given under “Results” were of toxicological significance, 


they are not to be regarded as a quantitative measure of the effect on human beings. As will 


be seen under “Comment” the criterion of medical acceptability has been based entirely upon 


calculated values for human blood. 


RESULTS 


Test Motor No. 1—This class-B motor, with CNSV (impregnating varnish) 
winding covering, was operated and tested under the conditions described. 


(a) Ninety-six hours at a winding temperature of 150 C. (equivalent to 175% 


of the rated amperage): The motor-insulation temperatures varied from 139 to 


TABLE 1. 


-CNSI"-Insulated Motor: Results of Analyses of Chamber Air During Ninety-Six 
Hours at a Winding Temperature of 150 C. 


Contaminants, ppm 

6 19 44 62 77 


Normal air constituents, vol. % 
0.05 0.58 0.9” 142 1.97 


Tasie 2—CNSV-Insulated Motor: Results of Analyses of Chamber 
Hours at a Winding Temperature of 200 C. 


Contaminants, ppm 

0.35 


Normal air constituents, vol. % 
0.07 O49 O83 1.34 164 
20.83 20.42 19.97 19.45 15.98 


1603 C. (average, 150 C.). 
The results of the analyses of the chamber air are summarized in Table 1. 


The average test-chamber temperature was 


Rat-blood samples analyzed for carboxyhemoglobin content showed a range of 


2.0 to 2.2 vol. %, or approximately an average of 10% of saturation. 


(b) Ninety-six hours at a winding temperature of 200 C. (equivalent to 187% 


of the rated amperage): The motor-insulation temperatures varied from 185 to 


222 C. (average 202 C.). The average test-chamber temperature was 26 + 2 C. 


The results of the analyses of the chamber air are given in Table 2. 


Rat-blood samples analyzed for carboxyhemoglobin content showed a range of 


8.4 to 8.9 vol. %, or approximately an average of 41% of saturation. The animals 


showed no abnormal physical signs. 


(c) Ninety-six hours at a winding temperature of 250 C. (equivalent to 202% 


of the rated amperage): The motor-insulation temperatures varied from 232 to 


13. Griffith, J. Q., Jr., and Farris, FE. J., editors: The Rat in Laboratory Investigation, Phila- 
delphia, J. B. Lippincott Company, 1942, p. 355. 
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274 C. (average 253 C.). 


The average test-chamber temperature was 27 = 2 C. 
The results of the analyses of the chamber air are given in Table 3. 


Rat-blood samples analyzed for carboxyhemoglobin content showed a range of 


11.9 to 12.1 vol. %, or approximately an average of 57% of saturation. These 


animals all survived but were in a semicomatose condition during the last day of 
the experiment. 


(d) Burn-out test: Finally, the effects of temperature raised to a point causing 
electrical or mechanical failure were observed. Two hours and 30 minutes after 


the test was started, the insulation temperature exceeded the Micromax scale 
(300 C.). 


Fairly dense smoke was produced 2.75 hours after the beginning of the run. 
* Five minutes later, the motor stopped, enveloped in flames. At this time, air-sample 


analysis showed 0.34 and 20.54 vol. % carbon dioxide and oxygen, respectively, 


with carbon monoxide at a level of 445 ppm. Two hours later, when the chamber 


Tasie 3.—CNSI'-Insulated Motor: 


Results of Analyses of Chamber 


Air During Ninety-Six 
Hours at a Winding Temperature of 250 C, 


Hours of operation 48 


72 96 
Contaminants, ppin 
Carbon monoxide.... . * 4 527 1,062 1,376 1,690 
CL ST aa 2.90 2.35 1.50 1.25 
Normal air constituents, vol. % 
Oxygen 


19.59 19.14 18.69 


was entered, the usual pungent, intolerably irritating odor of decomposed phenolic 
resin was noted. 


Samples of air taken just prior to opening the doors showed 


0.36, 0.31, 28.3, and 504 ppm of phenol, formaldehyde, ammonia, and carbon 
monoxide, respectively. 


The blood of rats that were placed in the chamber for the duration of the 
burn-out test averaged 7.9 vol. % in carboxyhemoglobin content, or approximately 


38% of saturation, The six animals were all alive but somewhat less than normally 
active. 


Ikxamination of the motor showed clearly a complete burn-out, insulation 
incinerated to a crisp, fused wiring, ete. Apparently, failure of the insulation caused 
the bare wires to touch and fuse, following which other parts caught fire. The 


bearings were not frozen, indicating that mechanical failure was not accountable 
for the stoppage. 


Test Motor No, 2—Ihs PTEE-insulated motor was operated and tested under 
the conditions described. 


(a) Ninety-six hours at a winding temperature of 150 c. (equivalent to 100% 
of the rated amperage ) : 


The motor-insulation temperatures varied from 141 to 
The average test-chamber temperature was 28 + 3 C. 
Results of the analyses of the chamber air are found in Table 4 


159 C. (average 151 C.). 
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Rat-blood specimens analyzed for carboxyhemoglobin content showed a range 
of 0.7 to 0.8 vol. %, or approximately an average of 4% of saturation. 

(6) Ninety-six hours at a winding temperature of 200 C. (equivalent to 120% 
of the rated amperage): The motor-insulation temperatures varied from 192 to 
201 C. (average, 197 C.). The average test-chamber temperature was 28 + 2 C. 
The results of the analyses of the chamber air are summarized in Table 5. 


TaBLe 4.—PTFE-Insulated Motor: Results of Analyses of Chamber Air During Ninety-Six 
Hours at a Winding Temperature of 150 C. 


Hours of operation 4 
Contaminants, ppm 
Carbon monoxide 
Fluoride 
Normal air constituents, vol. % 
Carbon dioxide 
Oxygen 


TasBLe 5—PTFE-Insulated Motor: Results of Analyses of Chamber Air During Ninety-Six 
Hours at a Winding Temperature of 200 C. 


Hours of operation 
Contaminants, ppm 
Carbon monoxide 
Fluoride 
Normal air constituents, vol. % 
Carbon dioxide 08 x 1.10 1.75 
Oxygen 20.78 2.2 19.06 19.00 


TABLE 6.—PT7FE-Insulated Motor: Results of Analyses of Chamber Arr During Ninety-Six 
Hours at a Winding Temperature of 250 C. 


Hours of operation 
Contaminants, ppm 
Carbon monoxide 
Fluoride 
Normal air constituents, vol. % 
Carbon dioxide 
Oxygen 


Rat-blood specimens analyzed for carboxyhemoglobin content showed a range of 
2.7 to 2.9 vol. %, or approximately an average of 13% of saturation. 

(c) An attempt to test this motor at a winding temperature of 250 C. eventually 
ended in failure. Aiter running for 30 minutes at approximately 250 C., the equip- 
ment ceased to operate. When the chamber was opened, a burning odor and a 
slight haze were present in the atmosphere. Examination of the motor showed at 
least two breaks in the winding, with isolated areas from which the insulating wire 
covering had peeled away without signs of combustion. 

Test Motor No. 3.—This PTFE-insulated motor was used to continue the test 
begun with Motor 2. 


48 72 6 
10 20 
0 0 
2.17 2.55 
18.51 17.99 
06 
112 
0 
2.35 
18.22 
0.0 31 62 91 
os 0 0 
0.05 0.65 1.22 1.73 2.16 : 
20.78 20.15 19.45 18.81 18.42 
——-- 
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(a) Ninety-six hours at a winding temperature of 250 C. (equivalent to 137% 
of the rated amperage ) : 


The motor-insulation temperatures varied from 236 to 
262 C. (average, 249 C.). 


The average test-chamber temperature was 28 + 2 C. 
The results of the analyses of the chamber air are given in Table 6. 

Rat-blood specimens analyzed for carboxyhemoglobin content showed a range 
of 2.5 to 2.8 vol. %, or approximately an average of 13% of saturation. 

(>) Burn-out test: By an increase of current, the temperature of operation 
was slowly raised to a point’ resulting in failure of function. Four hours after the 
start of the test the temperature was off the scale, above 300 C. Within a few 
minutes, while operating at 167% of the rated amperage, the motor stopped. 

When the chamber was opened soon thereafter, the atmosphere was found to 
be but slightly suggestive of odors of combustion. Samples of the interior air taken 
just prior to the opening showed 53 and 247 ppm of carbon monoxide and fluoride, 
respectively, while the value for carbon dioxide was 0.09, and that for oxygen, 
20.77%. 

Analyses of the blood of rats that were kept in the chamber during the period 
of the test averaged 0.6 vol. % in carboxyhemoglobin content, or approximately 
3% of saturation. In appearance and behavior the animals were quite normal. 

Examination of the motor revealed none of the usual signs of burned-out equip- 
ment. With the exception of several small isolated areas from which the Teflon 
wire covering had peeled away, with consequent breaks in the wiring, there was 
little to indicate the severe thermal and electrical strain imposed on this motor; the 
bearings were not frozen, and the over-all appearance was quite clean. 


COM MENT 


The evaluation of these data with respect to the possible hazard to submarine 
personnel working with equipment operating as described requires careful con- 
sideration of the difference between the experimental (simulated) and the actual 
operating conditions. In the former, six rats occupied the interior of the chamber, 
the air of which was not changed over a period of 96 hours but was altered only 
as a result of motor operation and the respiratory exchange of gases in animal 
metabolism, In fleet operation, with the maintenance of a ratio of 550 cu. ft. (15.5 
cu. m.) per man, the test chamber would be occupied by 0.345 man. Under resting 
conditions, over the same period, on the assumption that the oxygen consumption 
of man is 15 liters per hour and the respiratory quotient is 0.85, the carbon dioxide 
content of the atmosphere would be increased to 8%, while the oxygen percentage 
would be reduced to 12. These levels are obviously too high, and too low, respec- 
tively, for physiological tolerance limits and would, of course, be more extreme as 
a result of work and activity. In theory, therefore, and in actual practice, excess 
carbon dioxide would need to be absorbed, and the atmosphere replenished with 
oxygen, to maintain the former at less than 3%, and the latter at more than 17%, 
of the submarine air. Since the values obtained experimentally in the present study 
were all less than 2.350 for carbon dioxide and more than 18% for oxygen, they 
have been used as found, for the hypothetical consideration of the effect on man 
of carbon monoxide in such mixtures. Other contributory and synergistic factors of 


unportance bearing on the toxicity of gases, such as the variation in temperature 
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ET 


and humidity of the working space, in the activity, acclimatization, and suscepti- 
bility of individuals to noxious gases, must be borne in mind, but for obvious 
reasons, cannot be considered here. It will suffice for the immediate aim of this 
investigation to consider the etfect on man of being exposed for 96 hours to 
atmospheres of the compositions found in these experiments. 

Of the atmospheric contaminants evolved during the period of observation, it 
is clear from the analytical results that carbon dioxide, phenol, formaldehyde, and 
ammonia are not present at any time in amounts sufficient to warrant concern as 
factors of toxic hazard.'* The effects of carbon monoxide and of fluoride, however, 
require further consideration. 

Toxic Effect of Carbon Monoxide.—Uniortunately, not much is known of the 
effect of continued exposure to low concentrations of carbon monoxide for more 
than a few hours at a time. The most relevant guide to date would seem to be the 
report of Sievers and associates ‘* on the clinical and laboratory examinations of 
traffic officers exposed daily over a period of 13 years of duty to an average con- 
centration of 65 to 85 ppm of carbon monoxide in air, with variations between 10 
and 230 ppm. These men, whose blood carboxyhemoglobin content varied from 
0.5 to 13.1% of saturation with carbon monoxide at the end of a two-hour period 
of duty, showed no abnormalities which could be attributed to carbon monoxide 
poisoning. The toxicity of most noxious gases is cumulative in effect, depending 
not only on the concentration of the gas in the atmosphere but on the duration of 
exposure. Up to the point of complete equilibrium, however, other factors, such as 
activity, depth of respiration, etc., may also affect the ultimate criterion, namely, 
the amount of the substance present in the blood and the tissues. From what 1s 
known today, 100 ppm of carbon monoxide in air may be considered safe for eight 
hours of continuous exposure '® and, indeed, with lack of any evidence to the con- 
trary, for a more prolonged period.'’ At equilibrium, a state which may reasonably 
be assumed to be attained after 24 hours of expesure, 13% of the hemoglobin in 
the blood of a hutaan being breathing such a carbon monoxide mixture would be 
combined with carbon monoxide. For lack of a better criterion.’ 100 ppm in air 
and a 13% blood saturation may be regarded as the tolerance limits permissible 
for carbon monoxide in air for man under conditions of prolonged exposure. A 
similar criterion of medical acceptability was adopted for a previous study * and is 
retained for the present report, namely, a maximum total carboxyhemoglobin blood 
level of 15% of saturation. 


14. Henderson, Y., and Haggard, H. W.: Noxious Gases and the Principles of Respiration 
Influencing Their Action, Ed. 2, New York, Reinhold Publishing Corporation, 1943. 

15. Sievers, R. F.; Edwards, T. I.; Murray, A. L.; Russell, A. E.; Schrenk, H. H., and 
Fairhall, L. T: A Medical Study of Men Exposed to Measured Amounts of Carbon Monoxide 
in the Holland Tunnel for 13 Years, Bulletin 278, Federal Security Agency, U S. Public Health 
Service, 1942. 

16. American Standard Allowable Concentration of Carbon Monoxide, American Standards 
Association, New York, 1941. 

17. Von Oettingen, W. F.: Carbon Monoxide: Its Hazards and the Mechanism of Its 
Action, Bulletin 290, Federal Security Agency, U. S. Public Health Service, 1944. 

18. Drinker, C. K.: Carbon Monoxide Asphyxia, New York, Oxford University Press, 
1938. Henderson and Haggard.'4 
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‘Table 7 indicates the essential respiratory gas data obtained in these tests, and 
the observed and calculated results, in respect to rats and man, respectively, of 
exposure to motor-chamber air containing carbon monoxide. The analytical values 
for oxygen (per cent dry gas) form the basis of the inspired-air oxygen tension 
(ambient, saturated at 37 C.) in Column 7, from which the alveolar oxygen tension 
in man is calculated by use of an average empirical factor of 0.68, based on data 
of Haldane and Priestly‘ and Margaria *° for variation of alveolar gas tensions 
with barometric pressure, and the direct observations of Lilienthal and associates.*! 
These values are then corrected for the hyperventilative effect of carbon dioxide 
in inspired air and the resultant increase in alveolar oxygen tension.** Finally, 
correction 1s made for the decreasing gradient between alveolar oxygen tension and 
the oxygen partial pressure (pO) of arterial blood.*! These calculations of the 
arterial oxygen tension are fairly direct and may reasonably be expected to 


Panter 7.-Results of Ninety-Six Hours’ Inhalation of Chamber Air Containing Carbon 


Monoxide as Observed in Rats and Calculated for Man 


Respiratory Gas Tensions 


Motor Ambient Air Calculated at Equi- Found 

- A——————— ‘T'racheal Tracheal librium for Man Experi- 

% of Pres- (Amb.,  (Amb., p02 —~ ———, mentally 

Rated Temper- Temper- sure, Sat. at Sat. at Alveolar Arterial COHb, for Rat: 

Amper ature, ature, Mm.of 37C.), 37C.), in Man, in Man, Ambient % Sat- COHb, 

No age Cc. c He Min. Min. Mim. Mm. COc, % uration % Sat. 
175 28 761 4 134 98 0.0068 10.1 10 
187 202 6 775 12 138 1) 91 0.0509 46.3 41 
253 27 771 2 135 Os 0.162 73.7 57 
Burn-out >300 29 765 2 147 101 92 0.0464 43.4 38 
low 151 28 766 Ix 129 97 aS 0.0017 2.9 4 
120 197 28 763 17 130 97 SS 0.0099 144 13 
137 249 28 761 Fs) 132 ws 89 0.0085 12.4 13 
Burn-out >300 28 758 0.7 lis 101 9” 0.0047 7.0 3 


reflect the situation at steady state, with the chamber occupied by man (Table 7, 
Column 9). 

The picture in regard to carbon monoxide is somewhat different. Thus, this gas 
is In One respect “neutral” or inert like nitrogen in that at equilibrium it is neither 
taken up nor given up by blood and tissues, and in another sense “active’’ like 
oxygen in that it combines with hemoglobin. The problem is essentially that of 
calculating, from the analytical values for ambient carbon dioxide, oxygen, and 
carbon monoxide in air found in the present rat experiments, the final distribution 
of the carbon monoxide at equilibrium between the chamber space of 190 cu. ft. 


19. Haldane, J. S., and Priestly, J. G.: 


Res viration, New Haven, Yale Universit 4 Press, 
I y 
1935. 


20. Margaria, R.: Il mal delle altitudini—annossia, Progr. di terap., No. 3-4, 1941. 

21. Lilienthal, J. L., Jr.; Riley, R. L.; Proemmel, D D., and Franke, R. E.: An Experimental 
Analysis in Man of the Oxygen Pressure Gradient from Alveolar Air to Arterial Blood During 
Rest and Exercise at Sea Level and at Altitude, Am. J. Physiol. 147:199-216, 1946. 

22. Consolazio, W. V.; Fisher, M. B.; Pace, N.; Pecora, L. J.; Pitts, G. C., and Behnke, 
A. R.: Effects on Man of High Concentrations of Carbon Dioxide in Relation to Various 


Oxygen Pressures During Exposures as Long as 72 Hours, Am J. Physiol. 151:479-503, 1947. 
Margaria.*° 
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(5,380 liters) and a hypothetical occupant, 0.345 man, or the corresponding volume 
of blood, namely, 2.07 liters. This is done as follows: 


The total volume of carbon monoxide evolved is calculated (assuming the CO 


volume in the blood of the rats to be negligible) as 
(1) Vr = % CO. x 538 x f 


where 


Vr =total volume (S. C.) in liters of CO present in the chamber 
% CO. = analytical value (ambient dry gas) found at the end of 96 hours experimentally, and 
f=S. C. conversion factor for gas volume to 0 C, 760 mm. on the assumption that the 
chamber air is saturated with water vapor at ambient temperature. 

With 0.345 man hypothetically in the chamber during this time, possessing 2.07 
liters of blood, at equilibrium, the volume |"; would remain constant (on the 
assumption that no carbon monoxide is metabolized) but its distribution would be 
altered as follows: 
(2) Vr=Vc+ VB 


where 


Ve = volume (S. C.) in liters of CO in the chamber 
Ve — volume (S. C.) in liters of CO in the blood. Thus, 
(3) Ve = % COc X 538 x f 


where 


% CO. = calculated value (ambient dry gas) at equilibrium of blood with chamber air, and 
(4) Vs =COHb x 21 & 2.07 « 0.0001 = 0.004347 

for the volume in liters of CO (S. C.) bound 2° by 2.07 liters of blood of assumed 
capacity of 21 vol. % 


where COHb = ™ saturation of hemoglobin with CQO, and may be represented ** by 
the expression : 


lo kpCO 


(5) COHb = 5 


where 
k = the relative affinity constant of carbon monoxide and oxygen for 
hemoglobin at 37 C., 
pCO and pO: = arterial blood CO and O, tension, respectively, and 
S =the total percentage saturation of hemoglobin (i. e., with CO and O;). 

The value of k is taken as 210 (Sendroy, Liu, and Van Slyke’s value at 38 C.**), 
pO, is obtained as indicated above, and S is obtained from a standard blood oxygen 

23. A strictly accurate calculation would also account for the dissolved carbon monoxide in 
the blood in liters (S. C.) as 
(4a) Vn = x % COc X (B-47) 

100 K 760 

where @CQO is the Bunsen solubility coefficient for CO, and B is the ambient pressure in 
millimeters. 

Under the conditions of low CO concentration here considered, however, this fraction of the 
total CO has no practical significance and hence may be neglected 

24. (a) Lilienthal, J. L., Jr.; Riley, R. L.; Proemmel, D. D., and Franke, R. E.: The 
Relationships Between Carbon Monoxide, Oxygen and Hemoglobin in Blood of Man at Altitude, 
Am. J. Physiol. 145:351-358, 1946. (b) Handbook of Respiratory Data in Aviation, Committee 
on Aviation Medicine, National Research Council, Washington, D. C., 1944. 

25. Sendroy, J., Jr.; Liu, S. H., and Van Slyke, D. D.: The Gasometric Estimation of the 
Relative Affinity Constant for Carbon Monoxide and Oxygen in Whole Blood at 38° C., Am. 
J. Physiol. 90:511, 1929. 
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dissociation curve,*’ as a function of pO, + kpCO, where pCO is calculated from 
% CO, (as an approximation to the as yet unknown % CO,), in the relationship 
pCO = % CO, * 0.01 (B-40).**7 S having been thus found, Equation 5 is recast 
in the form 


2.1 X % COc (B40) 
(6) COHb = + 2.1 % COe (B-40) 


so that it may be combined with Equations 4, 3, and 1 to give 

(7) % CO X $38 X f = % COs x 53.8 x f + 0.004347 

all the necessary elements of which are known, to calculate % CO, in the form of 
a quadratic equation. 

The values for % CO, and COHb in Table 7, calculated on the basis of certain 
assumptions as outlined above, indicate clearly that under the conditions of these 
experiments a CNSV insulated motor operated at temperatures in excess of 150 C. 
for 96 hours produces carbon monoxide contamination of the air to an extent which 
constitutes a health hazard to man. With a PTFE insulated motor operating under 
the same conditions, the proportion of carbon monoxide is such that the maximum 
permissible limit of carboxyhemoglobin in man is never exceeded throughout the 
temperature range up to 250 C. Under the burn-out conditions which occurred in 
this work, with temperatures exceeding 300 C., from the standpoint of carbon 
monoxide toxicity, a CNSV motor may be expected to be a source of danger, 
whereas the PTFE motor will, in all probability, be relatively innocuous in this 
respect. These conclusions are supported by the analyses of the blood, and by 
observations of the gross physiological state, of rats exposed to these conditions 
experimentally.** 

Toxic Effect of Fluorine-Containing Gases.—The use of PTFE-insulated motors 
warrants examination from another aspect, namely, that of toxicity from fluorine 
and its compounds. Untortunately, owing to the extremely reactive properties of 
fluorine and hydrogen fluoride, much less is known or can be ascertained about their 
etfects during prolonged exposure to low concentrations in air than in. the case of 
carbon monoxide. 


26. Richards, D. W., Jr., and Strauss, M. L.: Oxy-Hemoglobin Dissociation Curves of 
Whole Blood in Anemia, J. Clin. Invest. 4:105-126, 1927. 

27. As has been shown,24 the relationship between arterial or alveolar carbon monoxide 
tension (pCO) and the ambient per-cent dry-gas for the inspired (tracheal, saturated) air is 
pCO = %CO. « 0.01 (B-40), and the same has been used here throughout rather than the less 
accurate PCO = %CO-. « 0.01 (B-47) inasmuch as pCO and per-cent CO. refer to different 
(alveolar and inspired) air fractions, the per-cent dry-gas value of which is not the same. The 
latter equation is correct for the calculation of inspired (tracheal, ambient, saturated) air CO 
tension, or per-cent dry-gas 

28. The difference in carboxyhemoglobin (COHb) under equilibrium conditions, observed 
in rats and calculated for man, arises in large part from the difference in the relative affinity 
constant for carbon monoxide and oxygen of the bloods of the two species. The possible 
difference in resistance to toxicity from CO depends on other factors!7 which emphasize the 
difficulty of applying the results obtained from experiments with one species to conclusions 
in respect to another. Although the burn-out results represent much shorter durations of 


exposure, equilibrium with CO and complete saturation of the chamber space with water vapor 
have been assumed in the calculation of the corresponding values for COHb in man. That the 
results so calculated are fairly reliable is indicated by the extent of agreement with the observed 
burn-out values for rats during such periods of exposure (Table 7, last two columns). 
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On examination the fluoride analyses made in these tests would seem to indicate 
certain periods as being positively dangerous to either rats or man, despite the lack 
of evidence to this effect in the appearance of experimental animals. Thus, with 
motor No. 2 after 96 hours at 150 C., the chamber air contained 14 ppm of fluoride. 
With increasing temperatures, in the next experiment, no additional evolution of 
fluoride was noted. Despite a preliminary “curing” period, the second PTFE- 
insulated motor (No. 3) showed a burst (364 ppm) at the 48-hour mark at 250 C., 
which amount was subsequently speedily dissipated. In the burn-out test 247 ppm 
were found after a short exposure. The rats exposed to these atmospheres showed 
no gross signs of abnormality, irritation, etc. However, this cannot be accepted 
per se as indicating that no pathologic change occurred. It was not within the scope 
of this study to undertake the histological, pathological, and toxicological exami- 
nations required by the recognition that fluorine-containing gases are known for 
their cumulative effect ** and that, according to some workers, delayed responses 
and death may take place weeks and months after exposure.*” 

Certainly, the available information on tolerance levels would indicate that such 
concentrations are of a much lower order of magnitude than have been found in 
this work. For some time, 3 ppm of hydrofluoric acid (HI) in air has been accepted 
as the limit of safety for indefinite exposure.'' The limit of tolerance for several 
minutes of exposure was reached by two men at 30 ppm.*"* However, more recent 
work on animals of several species has elevated the limit (for rats and mice) to 
8.5 ppm for a 30-day exposure.** Understandably enough, little work has been done 
on man, the most recent results tending to show that five years of intermittent 
exposure to concentrations of fluorine harmful to animals (approximately 22 ppm) 
was well tolerated by industrial workers.*' Finally, the 3-ppm limit has been viewed 
most skeptically by those who claim that it does not agree with the past experience 
of people working with fluorides for some time.® 

The uncertainty in the state of our knowledge stems from various sources of 
difficulty. Among these are the methods of analysis and of accurate sampling.** It 
is difficult to work with known amounts of hydrofluoric acid. Osly redistilled 
anhydrous HF from cylinders is suitable. The material tends to “dew out” with 
moisture, it reacts with other materials, is adsorbed on the metal walls of an experi- 
mental chamber, on the animal cages, and on the fur of animals. Thus, the question 
arises as to the “precise meaning of values of concentration of samples of ambient 
air near animals.”** 


29. Hodge, H. C., in Voegtlin, C., and Hodge, H. C., editors: Pharmacology and Toxicology 
of Uranium Compounds, with a Section on the Pharmacology and Toxicology of Fluorine and 
Hydrogen Fluoride, New York, McGraw-Hill Book Company, Inc., 1949, Introduction. 

30. (a) Machle, W. D.; Thamann, F.; Kitzmiller, K., and Cholak, J.: The Effects of the 
Inhalation of Hydrogen Fluoride: I. The Response Following Exposure to High Concentrations, 
J. Indust. Hyg. & Toxicol. 16:129-145, 1934. (b) Machle, W. D., and Kitzmiller, K.: The 
Effects of the Inhalation of Hydrogen Fluoride: IT. The Response Following Exposure to Low 
Concentration, ibid. 17:223-229, 1935. (c) Machle, W. D., and Scott, E. W.: The Effects of the 
Inhalation of Hydrogen Fluoride: III. Fluorine Storage Following Exposure to Sublethal 
Concentrations, ibid. 17:230-240, 1935. 

31. Machle, W. D., and Evans, E. E.: Exposure to Fluorine in Industry, J. Indust. Hyg. & 
Toxicol. 22:213-217, 1940. 

32. Stockinger, H. E., in Voegtlin, C., and Hodge, H. C., editors: Pharmacology and Toxi- 
cology of Uranium Compounds, with a Section on the Pharmacology and Toxicology of Fluorine 
and Hydrogen Fluoride, New York, McGraw-Hill Book Company, Inc., 1949, Chap. 17. 
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From the foregoing data it is apparent that much more work must be done before 
reliable data will be available concerning the toxicity, for man, of fluorine-containing 
vapors. In respect to present results, viewed in the light of the foregoing data, sudden 
bursts of hydrofluoric acid production, quickly dissipated, so that no visible damage 
was caused to animals, may be understandable. On the other hand, there is no basis 
for assuming that PTI -insulated motors may be operated at the temperatures 
here tested, and for the duration of time indicated, without harmful effects on man 
as a result of poisoning from fluorine. It is suggested that a partial answer, pro- 
viding a more reliable estimate of fluorine-containing gases evolved, would be 
obtained by use of an unoccupied inert chamber such as was used by Machle and 
associates.*"" If such experiments resulted in a favorable outcome, the final answer 
would have to be obtained under actual operating conditions involving more than 
the two motors here tested. In all probability, a preliminary “curing” operation 
for 48 hours or more, at temperatures near 250 C., would eliminate the possibility 
of hazard from fluorine-containing gases. Whether such “curing” would signifi- 
cantly militate against the subsequent operation or life of the equipment is a matter 
beyond the scope of the present work. 


SUMMARY AND CONCLUSIONS 


Three electric motors, one insulated with phenolic resin CNSV, the other two 
insulated with a plastic fluorocarbon polymer, PTFE, were tested under conditions 
simulating submarine operation, 1. e., 96 hours of continuous operation, at tem- 
peratures up to, and including, a burn-out above 300 C., in a closed chamber without 
replenishment of air, and with a horsepower-to-volume ratio equal to that found in 
submarines. The chamber air was analyzed at 24-hour intervals for oxygen, carbon 
dioxide, and carbon monoxide. In the CNSV test, analyses were also carried out 
for phenol, formaldehyde, and ammonia, whereas for the PTFE test additional 
measurements were done only for fluoride. Air and motor temperatures were con- 
tinuously recorded. The extent of the carbon monoxide uptake of the blood was 
directly measured for rats and indirectly calculated for man (as a submarine crew 
member ). 

In the CNSV motor test, although carbon monoxide was the only substance 
found in the chamber in physiologically significant concentrations, these were such 
as to constitute a definite health hazard to man. The carbon monoxide concen- 
trations varied directly with the temperature of motor operation and the duration 
of the test. At hypothetical equilibrium, terminal values of 1,620 ppm in air and 
74% CO saturation of the blood would be attained in a chamber occupied by man 
with the motor operating at 250 C. 

In the PTFE motor test, carbon monoxide was not present at any time in 
significantly toxic concentration. At hypothetical equilibrium, terminal values of 
99 ppm in air and 14% CO saturation of the blood would be expected in a chamber 
occupied by man with the motor operating at 250 C. 

The results of air analyses for fluorine-containing gases evolved from the PTFE 
motors were spotty. Although fluoride was usually absent, when found, as in the 
operation of one PTFE motor after 24 hours at 250 C., and after burn-out, at 
values of 364 and 247 ppm, respectively, the concentrations were such as would 
ordinarily be considered lethal for any species, even for a short time of exposure. 
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The fact remains that rats exposed under these conditions survived. Moreover, in 
the light of present knowledge, or possibly the lack of it, there is good reason to 
doubt the validity of existing fluorine-HF tolerance levels for man. 


On the basis of the foregoing data, the following evaluation of these motor per- 
formances, from the standpoint of medical acceptability, may be made: 


(a) At insulation temperatures in excess of 150 C. maintained for periods of 96 
hours, carbon monoxide is produced by CNS\V-insulated motors in concentra- 
tions injurious to health. 

(b) Insulation temperatures in excess of 250 C. maintained under similar condi- 
tions of operation for PTIE-insulated motors do not constitute a health hazard 
in respect to carbon monoxide production. However, the possibility of injury 
from fluorine-containing gases, especially at 250 C. or above, is not ruled out by 
these tests, and no final or unequivocal conclusion as to the medical acceptability 
of this equipment operating under these conditions is possible at this time. 


Mr. Hubert Mark made the preliminary gas analyses by mass spectrometry. 
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MAN, SUBMARINES, AND CARBON DIOXIDE 


COMMANDER HARRY J. ALVIS (MC), U. S. N. 
NEW LONDON, CONN. 


* ARLY submarines were capable, from an engineering standpoint, of remaining 
4 submerged for longer periods than the crew members were able to endure. 
The air became foul by accumulation of carbon dioxide and by depletion of oxygen 
to the limit of human tolerance. The development of absorbents for removing carbon 
dioxide overcame the CQ, problem for the duration of their effectiveness. Oxygen 
could be bled into the boat from pressure bottles. These measures extended the 
endurance of submerged submarines from a matter of a few hours to a matter of a 
few days. The appearance of snorkel devices made it possible for submarines to 
remain beneath the surface taking in fresh air through the snorkel tube. Cruises 
of four weeks and more using the snorkel have been reported by both the German 
and the British Navy. Both of these navies have made use of the Dutch idea of a 

snorkel that folded down along the deck when not in use. 

The United States Navy has never disclosed more than general information on 
the endurance of its snorkel-equipped submarines. The type of snorkel used by the 
United States Navy operates on an engineering design different from that of the 
German and British navies. While the German Navy no longer exists and the British 
snorkel (they call it “snort’’) is currently being reexamined in the light of 
the loss of the Affray, our snorkel-equipped submarines go on their way. They 
are known to have made a cruise from Hong Kong to Pearl Harbor, Hawaii, 
in 21 days, and crossings from Pearl Harbor to San Diego, Calif. 

The snorkel, while extending the human limitations on submerged cruising, still 
has not made a true submersible of the submarine. The prospect of the atomic- 
powered submarine once again brings the old problem of human tolerance to the 
fore. It appears that submarines have come full cycle because of this old problem 
of carbon dioxide accumulation. The time is at hand again when the old logistic 
choice must be made: food, water, ammunition, or carbon dioxide absorbent. Fuel, 
in an atomic submarine, will no longer enter this consideration. A keen decision 
must be made to establish the balance so that the proper amounts of food, water, 
and carbon dioxide absorbent are put aboard to sustain the crew until the ammuni- 
tion can be expended. 

A report published recently at the Medical Research Laboratory, U. S. N. Sub- 
marine Base, New London, Conn., discussed various aspects of the carbon dioxide 


Commander Alvis is Medical Officer for Submarine Squadron 10 and Submarine Develop- 
ment Group 2. 


The opinions and assertions contained herein are those of the author and are not to be con- 
strued as official or as reflecting the views of the Navy Department or of the Naval Service 
at large 
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problem. Although physiologists have studied the effects of relatively short carbon 
dioxide exposures in great detail, the author, Dr. K. E. Schaefer, reveals that great 
gaps exist in present knowledge of the effects of prolonged periods of low concentra- 
tions of carbon dioxide such as would be encountered on a truly submersible 
submarine. He summarizes the available information from shipboard and labora- 
tory investigations that shed light on this problem. 

For many years 3% carbon dioxide has been accepted as the level above which 
physiological changes occur. When the carbon dioxide in a submarine reaches this 
level, the oxygen will be depleted to around 16-17%, a decrease of 4-5% less than 
is contained in fresh air. Schaefer observed that exposure to 3-3.5% carbon dioxide 
and 15-17% oxygen, encountered at the end of several hours’ submergence, gave 
an increase in skin temperature and a decrease in rectal temperature, which is 
regarded as suggesting an increased supply of blood to the skin. 

In submarines the crew is surrounded by a metallic wall which approaches closely 
the temperature of the sea water. This cold surface coupled with the higher skin 
temperature of the men increases the temperature gradient for heat loss by radiation. 

seyond this there are reported to be other effects on the response of the circula- 
tory system which manifest themselves as a fall in the systolic blood pressure, a 
delaved or reduced response to exercise, and a reduced circulation time. Examina- 
tions of the metabolic exchange revealed that oxygen consumption was decreased 
and carbon dioxide excretion increased. Examinations of attentiveness by having 
the subjects cross out certain letters in a page of printed text indicated a loss of 
mental alertness after carbon dioxide exposure. This loss of alertness was mani- 
fested by an increase in the number of errors and by a skipping of entire lines of the 
text. 

Schaefer believes on the basis of his own and others’ observations that prolonged 
carbon dioxide exposure provokes a two-phased adaptation. The first or acute 
phase is characterized by stimulation which, in addition to the well known stimula- 
tion of respiration, gives the subject a sense of euphoria. This pnase, le reports, 
lasts three to four days and then gives way to a phase of depression of physiologic 
phenomena. Extracts from wartime patrol reports made by German navy medical 
officers indicate that after extended exposure to CO, normal sleep was disturbed 
and even during working hours there was mental drowsiness, and “the process of 
thinking does not progress in normal paths.” 

Once the chronic or depressed phase sets in, it appears from the available data, 
a continuous exposure to carbon dioxide is not necessary to maintain it. In contrast, 
it does take a period of continuous relief from COs exposure to reverse this phase 
of depression to the normal state and this COy.-free period must be as long as that 
required to induce the depressed phase—that is, three to four days. 

Schaefer pointed out that it is the carbon dioxide and not the depletion of oxygen 
that produces these effects. Sixteen per cent oxygen is equivalent to an altitude of 
6,500 feet and adaptation to this altitude is acquired without functional disturbances 
while, in contrast, adaptation to 3% CQOz shows definite functional changes in the 
organism. 

1. Schaefer, K. E.: Chronic COz Toxicity in Submarine Medicine, Medical Research Labo- 
ratory Report Number 181, 1951. 
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Drawing on the German experience in the Bay of Biscay during the latter years 
of the war, the author explains that as the efficiency of antisubmarine detection 
improves and the extent of antisubmarine warfare increases the snorkel-equipped 
submarines will be forced to remain totally submerged for longer periods. Thus 
they will be forced to sacrifice their mechanically gained advantage to some extent. 
The true submersible—a submarine that can dive on entering the combat area and 
remain beneath the surface until it returns to a safe area—may be within the 
foreseeable future, but the men in such a submarine will be confronted with an old 
problem. There is great and urgent need for research with human subjects to 
establish whether the effects of long inhalation of air which is 3% COs will be 
produced by a longer exposure to lower concentrations. This is a problem of 
research almost totally neglected, which requires early solution if the full impact of 
an atomic submarine is to be brought to bear on any enemy. 
the product of his ingenuity limited by man’s own tolerance. 


Once again man finds 


Box 60, U.S. N. Submarine Base, New London, Conn, 
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PATISSIER’S OCCUPATIONAL DISEASES 


F. RONCHESE, M.D. 
PROVIDENCE, R. I. 


HILIBERT PATISSIER (pastry maker), in his 493-page book on diseases 

caused by various occupations, includes large portions of the text of Ramazzini’s 
“De Morbis artificum diatriba” but puts these portions between brackets and men- 
tions that previous or contemporary books or pamphlets copied Ramazzini without 
due credit. 

’atissier’s book is dedicated to Monsieur le Duc de la Rochefoucauld Lian- 
court, Pair de France, as an illustrious citizen much interested in French industry. 
In his preface he expresses admiration for the interesting facts, the clear instruc- 
tions, and the wise counsel of Ramazzini, but he criticizes the incompleteness, the 
useless digressions, out-of-date explanations, and the many statements which are 
erroneous in the light of present scientific knowledge. 

The above considerations prompted Patissier to take from the work of the 
Italian physician everything really useful and to add to it the discoveries of a 
century. He hopes his efforts, together with those of Ramazzini, will serve to les- 
sen the hazards of unhealthy occupations. 

He quotes Ramazzini’s preface, with its passage about the difference between 
the civilized European countries, A.D. 1700, and the barbarians of America and 
other backward countries. 


Patissier, in the first section of his book, describes the history of Ramazzini’s 
work, how Ramazzini was impressed by watching the cesspool cleaners in his house 
in Modena, Italy, realizing the dangers to which they were exposed, and how this 
started his investigation on diseases of workers in all trades. 

In a second section, Patissier reviews the observations made before and after 
Ramazzini. He recalls the Fernel case of the midwife who attended a patient with 
a venereal disease, contracted an ulcer on the examing hand and died quickly, 
all decomposed; the contracting of severe pulmonary disorders by doctors while 
studying underground copper mines; the vertigo and chest pains from the fumes of 
the candles used by scientists in their nocturnal studies; the chemists suffering 
on account of the noxious affects of their experiments. 


Cadet-Gassicourt, a pharmacist, wrote on the diseases of occupations and 
included the so-called moral or spiritual characteristics of the various professions. 
For instance, the butcher is described as having a cruel and sanguinary character. 
Patissier checked with police records and found more crimes committed by bakers 


From the Department of Dermatology, Boston University School of Medicine; Dr. John 
G. Downing, professor. 


347 


: 
4 
= 
: 


348 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


than by butchers. A seditious nature was attributed to printers and masons, a 
tendency to debauchery to cobblers, pederasty to barbers and waiters, but wiseness, 
order, and docility to goldsmiths. 

Other authors have written a great deal on lead colic, on mercurial tremor in 
gilders and mirror makers, and on diseases of soldiers and seafarers. 

In a third section, still introductory, Patissier tries to correlate what he has 
learned from Ramazzini with other earlier and later publications and he classifies 
occupational diseases as sporadic, endemic, and epidemic. He agrees with Ramaz- 
zini that there are occupations which protect against certain diseases ; for instance, 
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1822. 


The front page of Patissier’s Treatise. 


the workers in copper mines “never have eye diseases, no gout sets in the one who 
uses his legs a great deal, the women textile workers are not subject to amenorrhea, 
plasterers, cesspool cleaners and workers with sulphur very seldom have disease of 
the skin.” 

In a fourth section Patissier earnestly advises that a worker engage in a pro- 
fession suitable to his general constitution and temperament and that the physician 
prescribe the food adequate to his work. He is the first to give a mortality rate 


for each occupation. He noticed that the mortality decreased with the increase 
of salary. 


Patissier compiled statistics taken from all hospitals in Paris in 1807. The 
highest mortality was for workers engaged in dirty and ill-paid occupations; the 
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OCCUPATIONAL 


lowest occurred among the workers in the open, carpenters, blacksmiths, and men 
in similar occupations. 

In a fifth section he urges the rich to consider the misery of the poor and to 
improve working conditions, provide ventilation, better machinery, to supply public 
baths, as the Romans had, and insurance as provided by the 120 previdence societies 
established 15 years previously. His appeal for insurance ends: “Really, who is the 
wealthy man who would deny himself the pleasure of helping for one year, one or 
more sick, at an expense of only 30 francs?” 

For the very dangerous occupations he suggests the employment of condemned 
criminals in exchange for their life. 

In a sixth section of the introduction he gives the general order of classifica- 
tion to be followed in his treatise. Occupational diseases are divided into two large 
groups. The first includes diseases caused by molecules mixed in the form of 
vapors or dust in the inhaled air, which penetrate the organs, disturbing the 
functions. 

The second includes diseases due to excess or deficiency of exercise of certain 
parts of the body. 

Subdivisions of the first group are diseases caused by mineral molecules, 
vegetable molecules, animal molecules, and by mixtures of the three. 

Subdivisions of the second group are the diseases due to sedentary work, in 
which only one part of the body is used and diseases due to excessive use of the 
eyes (seamstresses, jewelers, etc.) and of the voice (singers, vendors, criers, 
lecturers, preachers, ete. ). 

He disputes the theory that metal molecules penetrate into the internal organs, 
as no particle of metal has been found in the feces or at autopsy. For workers 
exposed to metal inhalation he advises to go easy on blood letting. He discusses 
aspiration tubes (gas-mask-like), nostril sponges moistened with aromatic fluids, 
and d’Arcet ventilation apparatus taking the poisonous fumes through the chimney. 
Among the many disorders of miners he quotes Alibert as saying that the miners 
often have their bodies devoured by pruriginous eruptions. Asthnia, rheumatism, 
drowning, wounds, and burns are discussed. 

The gilding of bronze and death from mercurialism are described at length. 
He tells of many cases of tremor from mercurial intoxication in which the workers 
were able to hold their glasses without spilling the contents only when drunk, the 
alcoholic beverage acting as the best sedative. 

He observed more cases of tremor in winter than in summer because of the 
closed windows and poor ventilation during the cold season. He agrees with 
Ramazzini that blood letting is dangerous in these cases. After the d’Arcet ventila- 
tion system had been installed through the chimney, the gilders enjoyed perfect 
health. He hails d’Arcet’s discovery as one of the most beneficial to humanity. 


His advice to the gilders’ trade: “wash hands and face on leaving the shop—never 
eat there—get used to working with gloves made of bladders or waxed taffeta— 
change clothes on entering and leaving the shop.” 

To mercurialism were exposed also the silver platers, barometer makers, mir- 
ror makers, and the members of the healing art who rubbed mercury on their 


syphilitic patients (unless they protected their hands with pigs’ bladders). 
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Death among lead handlers was estimated at 1 in 3 of them, the highest 
mortality occurring among painters. One of them is described as very sick with 
violent stomach colic and relieved only when four men sat on his belly. He did not 
live very long, however. The umbilicus and the anus were described as introverted, 
and the feces resembled sheep stools. Iron-scrapings infusion in wine was con- 
sidered very helpful. 

The hazards of glass blowers are mostly due to the sudden passing from great 
heat to great cold and the drinking of spirits. Bottle blowers are distinguished 
by wrinkled and hanging cheeks (occupational mark ). 

Copper handlers are depicted as of a peculiar greenish complexion, greenish 
eyes, tongue, feces, urine, sputum, and clothes. 

In reference to sulfur handlers Patissier tells Kamazzini’s story of the unfaithful 
wife who at the husband's sudden return covered the lover with a sulfur-impreg- 
nated blanket, with subsequent coughs and sneezes and discovery of the culprit. 
However, if the sulfur vapors are not too strong, they may contribute to or result 
in the disappearance of skin diseases. This applies in particular to cesspool emana- 
tions. On the contrary, by a sad “law of compensation,” the venereal diseases of 
sulfur workers have a frightfully and quickly progressive course. 

The blacksmith hazards are burns, other accidents, eye disorders from the glare 
of the burning coal, and kicks in the belly by the horses. The blacksmith’s occupa- 
tional calluses of the hand due to the use of the hammer are “a very little trouble.” 
The tissues, the muscles, and especially the wrists are as solid as iron, due to the 
metal intake. “This is not surprising because iron is one of the best tonics.” 

Cement, plaster, or powdered-stone afflictions are called Saint Roch disease (as 
well as syphilis and the bubonic plague). Handfuls of powdered stone and calculi 
were found in bladders, stomachs, intestines, sputum, and lungs, rendering incision 
through the latter as difficult as through stone. The law of compensation, as for 
sulfur in dermatoses and mercury in syphilis, applies also for the plasterers, making 
them immune to scabies or freeing them quickly from it when it has been contracted, 

An occupation, probably discontinued at present, was the making of urate and 
“poudrette” (powdered night-soil, said by the dictionary to be the content of privy 
or ordure and so-called because usually removed at night). Privy content was mixed 
with plaster and allowed to dry. The operation being usually done in the open, the 
hazards to the workers were minimal. 


Leather factories were so smelly that horses showed their displeasure by balking 
when going by them. Again, as a compensation law, it is reported that the plague 
spared the leather workers. 


Patissier describes the butchers and their families as vigorous, of a pink com- 
plexion, smooth skin, the wives very young looking, with the same characteristics 
being transmitted to their children; all this due to the absorption of molecules of 
meat. The overabundance of this absorption, however, causes frequent headaches, 
choking spells, hemorrhages, and apoplexy. In regard to kitchen chefs, besides 
varicose veins and burns, he recalls the observations of Alibert of “la Dartre 
crustacée flavescente” (our seborrheic eczema) and of a burning itching sensation 
all over the body. This is due to the absorption of nutritious molecules permeating 
the air and causing obesity. To keep sharp the sense of taste or “the virginity of his 
palate” the chef must often be purged. 
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Advice to nurses: Avoid inhaling the patient's expired air—never swallow the 
patient’s saliva—never live in the dirty-clothes room—open the windows once in a 
while even in winter—wash often—never eat or drink in the patient’s room. For 
contagious diseases, like typhoid fever and yellow fever, nurses must persuade 
themselves that confidence, courage, and cleanliness are the best prophylactic means. 

Midwives are exposed to fatigue, especially if in attendance on ladies of high 
social rank, and to disease due to the “toucher.”” Doctors and midwives succumb 
to the diseases contracted by the touch, mainly syphilis. Bichat is supposed to have 
died from a disease contracted in the dissecting room. Nurses and students often 
suffer from “hospital fever.” To the physicians he addresses the motto: “Aliis 
inserviendo consumuntur, aliis medendo moriuntur.” Patissier again declares him- 
self against blood letting. He quotes the case of a physician who ordered for him- 
self a good one, and was leit very weak for a long time. To many celebrated 
medicos who, in fear of apoplexy but not needing it at all, were bled white once a 
month or more often, on their own advice, Patissier dedicated this other motto: 
“Nonne haec stultitia est, ne moriare, mori?” 

Fifteen pages on disease of wetnurses are between brackets, viz., taken from 
Ramazzini. Patissier evidently agrees with him about the hazards of “contracting” 
eczema from the milk crusts of their charges; of developing hysteria from the rich 
food and the great quantity of seminal fluid accumulating in the womb and not 
properly discharged because separated from their husbands. He (and Ramazzini) 
disagrees with the current opinion that sexual intercourse provokes menstruation 
and spoils the milk. He commiserates with the unfortunate nurses for being kept in 
the mansions of the rich, separated from their husbands and children, because of 
their extreme need of money and in a state of depression, which certainly affects the 
milk. “‘Hysteria and (repressed) sexual desire are transmitted to the child with 
the milk.” 

Bakers and pastry makers are classified with the occupational hazards due to 
vegetable molecules. Bakers seemed to be more susceptible to contagious diseases 
than other workers. In the plague of Marseille in 1720 all died. The millers are 
subject to the “pedicular disease,” for which, however, Ramazzini had a good 
remedy: bath and change of clothes. 

Barbers and wig makers are of two kinds. Some honest, industrious, thrifty ; 
others dissolute, lazy, and extremely talkative. They often have ankle ulcers. 

About tobacco he tells the story of a young man suffering from smallpox who 
was so disturbed by the smell of sniffing tobacco being grated near him, that his 
pimples “re-entered’” his body and it took considerable time to “re-establish” the 
eruption. 

Speaking of the child chimney sweepers, he tells what remarkably white teeth 
they have, due to contact with the soot. This substance composed of very active 
salts keeps the sweepers in very good health and preserves them from diseases of 
the skin, especially from scabies. Of Pott’s cancer of the scrotum, he says it was 
very rare in France. 


1. A much different opinion on the matter is expressed by G. L. Philips, England’s Climbing- 
soys: A History of the Long Struggle to Abolish Child Labor in Chimney-Sweeping, Cam- 
bridge, Mass., Harvard University Press, 1949. 
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“The body impregnated with olive oil is immune against the plague.” This is the 
privilege enjoyed by the olive oil producers of Tunis and Alexandria. 

Speaking of pharmacists, Patissier tells of one he treated for a bullous eruption 
on the face, chest, arms, and hands with vomiting and diarrhea from pulverizing old 
cantharides. He treated others for intestinal disorders from handling pulverized 
coloquinte (colocynth), althaea, euphorbia, and mentions Kamazzini’s case of gan- 
grene and hemorrhage of the scrotum from touching it after handling the fresh root 
of “pied de veau.” 

LLaunderers are exposed to contagion from linen coming from the sick room. 
lie recommends separation of the linen from the other laundry. Water has been 
proved to destroy and dissolve the poisonous particles. Llowever, the venereal pus 
and the gonorrheal discharge are more dangerous, as can be seen from the change 
of color produced on lye. Laundresses according to Cadet-Gassicourt, are inclined 
to love dancing, the theater, the cafés and the venereal pleasures. In previous pages, 
with mortality rates in table form, it was evident that there was a high death rate 
among laundresses, seamstresses, embroideresses, and the like. A footnote says that, 
ordinarily, kept-women and prostitutes gave laundress or seamstress as_ their 
occupation, 

Water carriers, besides rheumatic pains and colic, show the skin of one shoulder 
hardened and calloused from the pressure of the suspender or bar holding the bucket 
full of water. This is the only clear-cut reference to an occupational mark.* 

Among the diseases of seafarers are listed hypochondry, melancholy, nostalgy, 
and lack of women, causing masturbation and pederasty, as well as scurvy and con- 
stipation. Enemas are difficult to administer on ship board because of the rolling 
and pitching. Efficient antiscurvy medication consisted of malt, sauerkraut, fresh 
vegetables, lemon and orange syrup. 

Horseback riders are subject to lacerations of the anus. The armed forces are 
subject to scabies, gonorrhea, syphilis, and nostalgy. It is interesting to note how 
much time latissier spends in discussing psychosomatic medicine. Nostalgy among 
soldiers was considered as disastrous as typhoid fever. Remedy: leave or discharge. 

Ramazzini’s observations of swollen genitalia in male and female dead in the 
battlefield is not confirmed by Patissier. 

Commenting on the sedentary occupations he relates Ramazzini’s description of 
a festive parade of workers, a sad collection of limping, emaciated, and bowed tailors 
and cobblers. 

The treatment of varicose vein ulcers by interlaced narrow strips of adhesive 
plaster is given in detail. 

Tailors have been observed with a “psoriform” eruption due to contact with 
wool, their fingertips are pricked and infected, and their teeth are loose because of 
the habit of breaking the thread with them. They are inclined to thievery, betting, 
squandering, quarrelsomeness, and unfaithfulness. Rousseau is quoted as saying in 
his Emile that if he was a king he would forbid tailoring, sewing, embroidering, 


and the sedentary occupations in general, to the male sex. In regard to hemorrhoids 


in tailors, Patissier warns them about a cure. Their suppression may cause serious 


2. Patissier mentions the skinning of the legs in wreckers of boats and trains. See Ronchese, 


Occupational Marks, New York, Grune and Stratton, Inc., 1948, pp. 21, 87, and 92. 
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complications. A tailor wanted to get rid of his hemorrhoids against Patissier’s 
advice and to that purpose applied an ointment given him by a druggist. A most 
severe ophthalmia developed, which subsided only with the reappearance of the 
hemorrhoids. 

Among the diseases of cobblers VPatissier mentions “the calus (sic) on their 
hands as of little inconvenience, however, making the motion of the fingers difficult.” 
Like the tailors, they are dirty, dissolute, drunkards, and have a tendency to 
thievery. 

Patissier writes at length on the great silk center of Lyon and places the silk 
workers with cobblers, tailors, barbers, waiters, ete., as squanderers, drunkards, 
noisy, living in the worst quarters, in extreme poverty, begging in the street as soon 
as the factory closes, masturbating earlier than any other class, deformed by the 
work which they began in early youth from daybreak until late at night, very often 
affected by venereal diseases. 

Damage from sedentary work, close quarters, and candle fumes are shared by 
scientists, writers, teachers, and nuns. Priests have a certain liberty and open-air 
life, but the cloistered nuns have a terrible life. They suffer from hypochondria, 
marasmus, hysteria, and nymphomania because of the forced chastity. Hippocrates 
advised the nuns to be purged or bled every spring and to overcome the disorders 
due to celibacy by taking infusion of flowers of nenuphar, of lettuce, pills of cigue, 
icy baths and beverages, and preferably much work and exercise. For the priests 
he tells stories of near insanity cured by breakage of the vows or by a self-performed 
Origene operation. (Patissier evidently never heard of married members of the 
clergy.) 


The final chapter is entitled: diseases of “rentiers” (retired people living on 


pensions or on incomes of accumulated fortunes), From a very active life they pass 
suddenly to passivity, they fall prey to melancholy, hypochondry, etc. No medica- 
ments are prescribed for this disease, but gardening, hunting, reading, meditating, 
et similia. This category hardly fits in with the tradesmen of Ramazzini and with 
Patissier’s own “artisans.”’ It is however, of interest at present in view of the revival 
of psychosomatosis in medicine. 


170 Waterman St., Providence 6, R. I. 
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DISINFECTIVE ACTION OF METHYL BROMIDE, METHANOL, AND 
HYDROGEN BROMIDE ON ANTHRAX SPORES 


ROBERT W. KOLB, MSS. 
ROY SCHNEITER, Ph.D.; 


EARL P. FLOYD, MSS. 
AND 
DOHRMAN H. BYERS, MS. 
CINCINNATI 


Hike DEVELOPMENT of satisfactory, nondeleterious chemical methods for 
the disinfection of anthrax-infected animal products, such as hides, wool, hair, 
and bristles, has been a problem of concern to investigators for many years. The 
British government, alter extensive experimental work, has set up a disinfection 
station in Liverpool for the treatment of all imported wool, hair, and bristles. It 
has been recently reported that this station processes approximately 7,000,000 Ib. 
(3,175,200 kg.) of the above materials per year." The method of disinfection reported 
as being used at this station ° involved the following processes: A series of wash- 
ings in 0.5% sodium carbonate (“soda ash’) solution and a 3.5% soap solution, 
each for 10 minutes, at 100 F., followed by exposures to 2.0%, 1.8%, and 0.25% 
solutions of formaldehyde, each for 10 minutes, at 100 F. After each stage of the 
process the wool or the hair is rolled in order to remove as much of the washing 
solutions as possible. As a final treatment, the material is pressed and dried in hot 
air at 230 F., the temperature dropping rapidly so that the wool will not be scorched. 

In 1927, Seitfert and Hieber * made studies on the disinfection of hair and 
bristles with solutions of crude chloramine. Since these experiments were con- 
ducted under actual industrial conditions, they used a nonpathogenic organism, 
Bacillus mesentericus vulgarus, which they found to be as resistant as B. anthracis. 
On the basis of the results of bacteriological tests, these investigators recommended 
treating with a 1.5% solution of chloramine for six hours at 65 C. as adequate 
for disinfection of hair and bristles contaminated with bacterial spores. 


*Dr. Schneiter died Oct. 15, 1951. 


From United States Public Health Service, Division of Occupational Health, Field Head- 
quarters. 


Mr. Kolb’s present address: National Institutes of Health, Microbiological Institute, Labora- 
tory of Biologics Control, Bethesda 14, Md. 


1. Wolff, A. H., and Heimann, H.: Industrial Anthrax in the United States: An Epi- 
demiologic Study, Am. J. Hyg. 53:80-109 (Jan.) 1951. 
2. Prevention of Anthrax Among Industrial Workers, Report Departmental Committee, 
His Majesty's Stationery Office, London, February, 1921. (Pp. 15.) Wolff and Heimann.? 
3. Seiffert, G., and Hieber, L.: Disinfektion von Haaren und Borsten unter besonderer 


Berucksichtigung des Rohchloramins, Zentralbl. Gewerbehyg. 4:22-24 (Jan.) 1927; abstracted, 
Bull. Hyg. 2:831 (Oct.) 1927. 
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Brotzu* experimented with various chemicals, using them singly and in com- 
bination for disinfecting animal skins that had been artificially infected with anthrax. 

He concluded from his studies that 1 to 3% solutions of sodium monosulfide were 

able to destroy vegetative cells but not spores of B. anthracis on 48 hours’ exposure. 

Furthermore, 2% solutions of NagS in combination with either 0.5% trisulfide of 

arsenic, 0.5% sodium arsenite or arsenate, 5 to 10% sodium chloride, or 2% sodium 

or potassium sulfate effected a definite decrease in survival of spores without being 

injurious to the hides. 

Another investigator ° tested the efficacy of hydrogen sultide gas for the disin- 
fection of anthrax-iniected, dried hides under varying conditions of exposure. The 
reported results of this work were somewhat confusing and inconsistent ; however, 
it was indicated that anthrax spores in dried hides were destroyed by the action of 
hydrogen sulfide gas after exposures of 4 to 16 days. Furthermore, this sporicidal 
action was enhanced by exposures under vacuum at increased temperatures, 1. e€., 
from 20 C. to 42 C. 

MacDonald,® in 1936, conducted studies to determine the effect of formol on the 
destruction of anthrax spores artificially inoculated into patches of woolen carpets 
during the sizing process. This treatment consisted of running the carpet through a 
trough containing 5% formol (i. e., 5 parts formol and 95 parts water) and then 
passing the carpet over drums heated to 190 to 200 F. The results of these studies 
demonstrated that after such treatment anthrax spores survived in only 2 of 29 
culture tests, whereas, without the formol treatment these same organisms survived 
in every instance. 

Another approach to the problem of disinfection has been made by Wieden- 
miller,” who subjected anthrax-inoculated silk threads to various solutions used 
in hide processing, such as lime and sodium sulfide solutions, a pickling solution 
composed of salt, sulfuric acid, and water, and chrome tanning mixtures, in order 
to determine whether these compounds effected a disinfection. It was concluded 
from these studies that anthrax spores were not killed after being subjected to 
each of the above solutions in the same manner and for the same length of exposure 
used during the industrial processing of hides. 

In recent years, Cabonell and Poletti,* in consequence of extensive experimental 
studies, reported an etiective process for the disinfection of anthrax-contaminated 
cow hides. The process recommended was as follows: Hides were first washed 
free of dirt in running water for 15 minutes. Next they were placed in a bath of 
10% sodium hydroxide (NaOH) solution at 40 C. for 10 minutes and then passed 
through a second bath of 10% NaOH plus 2% soap solution at 40 C. for 20 min- 

utes. Finally, they were immersed in a 2% formol bath at 40 C, for 20 minutes and 


4. Brotzu, G.: La disinfezione delle pelli carbonchiose con solfuro sodico e con idrato sodico, 
Ann. dig. 39:825-850 (Nov.) 1929; abstracted, Bull. Hyg. 5:546-547 (July) 1930. 

5. Robertson, M. E.: The Disinfection of Anthrax-Infected Dried Hides in the Dry Con- 
dition by Means of Hydrogen Sulphide, J. Hyg. 32:367-374 (July) 1932. 

6. MacDonald, I. G.: The Prevention of Anthrax Infection in Woolen Textile Processing, 
J. Indust. Hyg. & Toxicol. 18:357-362 (June) 1936. 

7. Wiedenmiller, H.: Disinfektionsversuche bei Milzbrand mit Stoffen, wie sie im Ablauf 
des Gerbprozesses beniitzt werden oder abfallen, Munchen. Tierartzl. Wehnschr. 88:409-415 
(Sept.) 1937; abstracted, Vet. Bull. 9:448 (July) 1939. 

8. Cabonell, M. V., and Poletti, R. A.: Profilaxis del carbunclo-desinfeccion de cueros 
Bol. san. dpto. nacl. hig. (Argentina) 7:229-254 (July-Sept.) 1943. 
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then washed in running water for one hour to remove soda and formol. This 
process was reported by the investigators as a practical and economical disinfection 
method which had industrial application without being injurious to the hides. 

Other investigators, Hausam, Schnegg, and Schindler,’ found that a mixture 
of M/16 sodium thiocyanate plus N/8 hydrochloric acid plus 2.5% sodium chloride 
was suitable for disinfecting inorganic objects inoculated with anthrax spores but 
that as applied to the disinfection of artificially and naturally infected hides of small 
animals this mixture was unsatisfactory even after 120 hours’ exposure at 20 C., 
because of its inability to penetrate the hides. Furthermore, these workers reported 
that another compound, “rozephirol” (a raw product of “zephirol” [benzalkonium 
chloride U.S. P.|, which is a high-molecular alkyldimethylbenzylammonium chlo- 
ride in aqueous solution) possessed some promise as a disinfecting agent for hides. 
However, these studies did not reveal whether “rozephirol” effected a complete 
destructive action on anthrax spores or only an inhibitory action. Therefore, the 
investigators ® felt that additional studies were necessary in order to determine the 
mechanism of action of the compound. 

Wilde ?® made experimental studies with (a) 1% sodium fluorosilicate plus 0.2% 
acetic acid, (/) 2% sodium fluoride solution plus 0.2% acetic acid, (¢) 1-5% 
sodium nitrite plus a trace of acetic acid, (d) 5 and 20% saponated cresol (lysol®) 
solutions, and (e) 5% formol solution and coneluded that none of these solutions 
could be recommended as a general disinfectant for anthrax-infected hides. 

Hailer and Heicken,'' in surveying the practicability of certain heat sterilization 
procedures presently used in Germany for the disinfection of hair and_ bristles, 
found that these methods were detrimental to certain finer types of hair and bristles, 
causing discoloration and reduction in tensile strength of the fibers. Therefore, 
they sought to develop a chemical disinfection process which would eliminate these 
conditions and also control the spread of anthrax. The method finally reported on 
the basis of extensive experimental studies consisted in exposing. hair and bristles 
to 0.25% aqueous formaldehyde solutions at 60 C, for six hours. 

Since it is apparent from the above review that the control of industrial anthrax 
among workers handling infected animal products is still a problem of great con- 
cern, continued efforts should be made to develop more satisfactory chemical 
methods for industrial application that will meet the following criteria: (a) The 
disinfectant should be completely effective, (/) be economical, (c) have effective 
action in the presence of organic matter without producing deleterious effects on 
animal products, (d) possess power of penetration, and (e) react at ordinary tem- 
peratures, e. g., 20 to 37 C. 

larlier studies reported by two of us '* demonstrated that 3.4 to 3.9 gm. of 
gaseous methyl bromide (CH Br) per liter in the presence of moisture was germi- 

9. Hausam, W.; Schnegg. R., and Schindler, T.: Untersuchungen zur Frage der Des- 
infektion milzbrandinfizierter Materialen, mit besonderer Hinsicht der Desinfektion tierischer 
Haut, Zentralbl. Bakt. 151:192-219 (March) 1944. 

10. Wilde, J. K. H.: Experiments to Ascertain the Effect of Certain Chemical Solutions on 
Anthrax Spores, Vet. J. 108:64-65 (March) 1945. 

11. Hailer, FE. and Heicken, K.: Untersuchungen zur Bekampfung des gewerblichen Milz- 
brandes: ILL. Die keimtGtende Wirkung von Caporit, Chloramin, Chlorimid und Formaldehyde 
gegenuber Milzbrandsporen bei 20, 12 und 4°, Ztschr. Hyg. 128:87-108 (July) 1948. 

12. Kolb, R. W., and Schneiter, R.: The Germicidal and Sporicidal Efficacy of Methyl 
Bromide for Bacillus Anthracis, J. Bact. $9:401-412 (March) 1950. 
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cidal and sporicidal for B. anthracis after exposures of 24 hours at room tempera- 
ture. Furthermore, it was concluded that the destructive action exhibited by 
CH,Br was probably due to hydrobromic acid (HBr), a hydrolytic product of this 
compound. In view of the need for an adequate, nondeleterious method of disin- 
fecting animal products and for more specific information relative to the mechanism 
of action of CH;Br and its hydrolytic products in the destruction of anthrax spores, 
additional studies were undertaken in order to determine (a) the effectiveness of 
CH,Br for the disinfection of commercial-sized rolls of hair and bristles artificially 
contaminated with anthrax spores and (b) whether HBr and/or CH;OH, formed 
through the hydrolytic breakdown of CH;Br, were the agents actually responsible 
for the toxic effects produced on the spores. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Exposure of Anthrax-Contaminated Hair and Bristles to Gaseous Methyl Bro- 
mide.—Twenty-two experiments were conducted to ascertain whether gaseous 
CH,Br, with its highly penetrating and sporicidal properties, would effect the 
sterilization of rolls of hair and bristles heavily contaminated with B. anthracis 
spores. 

In these experiments the methyl bromide used was the standard commerical grade 99.5% 
pure, obtained as a liquid in 1-lb. (453.5-gm.) cans. 

Sterile paper-wrapped or string-tied rolls of horse hair, badger hair, and pig bristles, 2.5 in. 
(6.35 cm.) in diameter and 4 in. (10 cm.) in length, were inoculated in their centers with 100,000 
to 50,000,000 spores from each of six strains of B. anthracis. The six representative cultures of 
B. anthracis used included strains of canine (Al), bovine (A2, A3, A4), human (A5), and ovine 
(A6) origin. Methods for the preparation and standardization of spore suspensions and tests 
for determining the viability and pathogenicity of these suspensions were the same as those 
described in previous studies !° and will not be discussed here. 

Prior to the exposure tests six inoculated rolls of hair and bristles (i. e., six separate rolls 
inoculated, respectively, with spores from the above six strains) were dried at 65 to 75 C. for 
three to four hours, whereas a like number of other rolls were inoculateg with the spore suspen- 
sions immediately before exposure. These test materials containing dried and moist spores as 
well as sterile dried or moist control rolls were placed in separate vacuum chambers for CH:Br 
exposure, and such exposures were thus considered as having been made in the presence or the 
absence of moisture without taking into account atmospheric moisture. The vacuum-chamber 
exposure apparatus has been illustrated by diagram in an earlier report '!* and will only be 
briefly described here. The exposure tests using this apparatus were carried out as follows: Six 
spore-inoculated rolls and three control rolls of hair and bristles were sealed in each vacuum 
desiccator, which in turn was connected to a filter pump and to a tube containing liquid CH,Br. 
The system, being controlled by a series of stopcocks and pinchclamps, was then evacuated one 
to three times by means of the filter pump and flushed after each evacuation with vaporized 
CHsBr in order to restore the chamber to atmospheric pressure. The purpose of repeated evacu- 
ations and flushings was to increase the concentration of ChsBr, since all of the air could not 
be removed from the system by a single operation. However, as will be shown later in a dis- 
cussion of the results, repeated evacuation and flushing operations were undesirable because an 
excessive amount of moisture was removed from the chamber without obtaining significant 
increases in the concentration of CH,Br. When concentrations of 3.4 to 3.9 gm. of CH:Br per 
liter had been obtained as calculated by the general law for expansion of gases, i. e., pu=RmT,"4 


13. Schneiter, R., and Kolb, R. W.: Heat Resistance Studies with Spores of Bacillus 
Anthracis and Related Aerobic Bacilli in Hair and Bristles, Pub. Health Rep., Supp. 207, 
pp. 1-24 (June) 1948. 

14. Handbook of Chemistry and Physics, Ed. 30, Cleveland, Chemical Rubber Publishing 
Company, 1946. 
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each chamber was closed by pinchclamps and all openings and connections resealed with 
“vaspar’.2® The test materials remained in contact with CH;sBr at room temperature, for 18-, 
24-, 48-, and 72-hour periods. 

After exposure all inoculated and control materials were tested for sterility. In culturing these 
materials two tufts of hair were aseptically extracted from the center of each roll, each end of 
the tufts was trimmed off with sterile scissors, and one tuft was transferred to a wide-mouth jar 
containing difco® AC medium.'® The second tuft was placed in sterile distilled water for 24 
hours, then transferred to a jar of the above medium. The purpose of the latter operation was 
to dilute any bromides carried over in the material that may cause inhibition of growth. Positive 
cultures were examined microscopically and confirmed by animal-inoculated tests. After two 
weeks’ incubation at 37 C., all negative cultures were first subcultured and then inoculated with 
a standard loop from each respective viable-spore suspension in order to ascertain whether 
failure to obtain growth was due to inhibition by either CH,Br or its hydrolytic products carried 
over with the inoculum. Tufts extracted from the uninoculated controls, aside from being tested 
for sterility, were transferred to tubes of sterile distilled water and analyzed by electrometric 
titration before and after exposure for changes in hydrogen ion concentration. The results of 
170 exposure tests are summarized in Table 1. 


Taste 1.—Efficacy of CHsBr for the Disinfection of Hair and Bristles Contaminated with 
Bacillus Anthracis Spores 


Absence of Moisture Presence of Moisture 


No. flushings (CHsBr) 
Tests in which spores were exposed 
Tests in which all spores were killed 
Percentage of tests in which all spores were killed 60 


— 


Before 
pH of control tufts After exposure 


It is readily apparent from Table 1 that anthrax spores were completely 
destroyed by CH,Br on being exposed for 18 to 72 hours in the presence of moisture 
after a single flushing of the vacuum chamber with this compound. Multiple flush- 
ings (i. e., two and three flushings), although slightly increasing the concentration 
of CH,;Br, resulted in only partial disinfection (83% and 74% effective killing). 
This incomplete sterilization was attributed to the excessive evaporation of the 
moisture of the test materials during repeated evacuation procedures. Furthermore, 
it is evident that in the absence of moisture CH;Br was less effective for the destruc- 
tion of the spores than when moisture was present, as demonstrated by a decrease 
in percentage of tests in which the spores were killed (60%, 42%, and 45% for 
one, two, and three flushings, respectively ). 

Determinations of the hydrogen ion concentrations of the hair and bristles before 
and after CH Br exposure demonstrated a marked decrease in the pH values. This 
decrease ranged from 1.4 to 2.6 pH units for materials exposed in the absence of 
moisture and from 2.2 to 2.9 units for those exposed in the presence of moisture. 
These results were as expected, because the moist environment favored the hydro- 
lysis of CH Br so that a greater change in pH occurred, whereas the dry environ- 


15. This preparation is a 1:1 mixture of paraffin and petrolatum. 


16. Difco® AC medium is made up as follows: proteose-peptone No. 3, 20.0 gm.; beef 
extract, 3.0 gm.; yeast extract, 3.0 gm.; malt extract, 3.0 gm.; dextrose, 5.0 gm.; agar, 1.0 gm.; 
distilled water, 1,000 ml. The final pH is 7.3+. 
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ment, except for possible alterations due to atmospheric moisture, was not as 
conducive to the hydrolysis of this compound. 

On the basis of all the above tests it was concluded that in the presence of 
moisture CH3Br is effective for disinfecting hair and bristles contaminated with 
B. anthracis spores after 18 hours’ action at room temperature. So far as could 
be determined visually, there was no apparent injury to hair and bristles during 
such exposures. The results of these tests suggest that the sporicidal action exhib- 
ited by gaseous CH3Br was probably due to HBr resulting from the hydrolysis of 
CH;Br, as indicated by changes in the pH of the test materials during exposure. 

Chemical Studies on the Mechanism of Action of Methyl Bromide.—lIn report- 
ing the results of previous research studies '* on the etfectiveness of CH;Br as a 
disinfectant for B. anthracis spores, Kolb and Schneiter advanced the theory that 
the germicidal and sporicidal activity exhibited by this compound was probably due 
to hydrobromic acid (HBr), one of its hydrolytic products. In contrast, other 
theories based on toxicological studies have been advanced concerning the mecha- 
nism of the toxic action of this compound, A summary of these theories is presented 
as follows: (a) that the alkyl halide molecule itself was responsible for toxic 
responses,'? (6) that hydrobromic acid and methanol, hydrolytic compounds of 
CH3Br, were toxic agents,'* and (c) other breakdown products, such as formalde- 
hyde, halide ions, or quaternary ammonium compounds, were responsible for the 
toxicity of CH;Br.'* 

Eight series of experiments (1,830 tests) were carried out in order to determine 
whether solutions of HBr and CH;OH were sporicidal for B. anthracis in concen- 
trations equivalent and proportional to those obtained through the hydrolysis of 
CH3;Br (i. e., 0.1% HBr and 0.04% CH;OH), as well as at higher concentrations. 

Spore suspensions (500,000 to 22,000,000 spores per test) from the six strains of B. anthracis 
were exposed to various concentrations of HBr, CHsOH, and mixtures of these compounds for 
6, 24, 48, and 72 hours. The concentrations of the aqueous test solutions were as follows: i(a@) 
HBr solutions from 0.01% to 7.0%, (b) CH:OH solutions, from 0.004% to 95.0%, and (c) 
HBr plus CH;OH, from 0.01% to 7.0% and 0.004% to 2.80% (% by weight), respectively. At 
the end of each exposure period the spores were tested for viability and pathogenicity by the same 
cultural and animal methods referred to above. The results obtained in these experiments are 
summarized in the Figure. 


The exposure periods employed and the compounds tested are given on the 
abscissas, and the corresponding proportional concentrations of HBr and CH;0H 
are plotted on the left and right ordinates, respectively. The data are presented to 
show the concentrations in which all spores survived, the concentrations in which 
survival was variable, and the concentrations in which all spores were killed, for 
each period of exposure. The numbers enclosed in circles refer to the numbers 

17. Irish, D. D., and others: Chemical Changes of Methyl Bromide in the Animal Body in 
Relation to Its Physiological Effects, J. Indust. Hyg. & Toxicol. 23:408-411 (Oct.) 1941. 

18. Miller, D. P., and Haggard, A. W.: Intracellular Penetration of Bromide as a Feature 
in the Toxicity of Alkyl Bromides, J. Indust. Hyg. & Toxicol. 25:423-433 (Dec.) 1943. 

19. (a) von Oettingen, W. F.: The Toxicity and Potential Dangers of Methyl Bromide with 
Special Reference to Its Use in the Chemical Industry, in Fire Extinguishers, and in Fumiga- 
tion, Nat. Inst. Health Bull., no. 185, Federal Security Agency, United States Public Health 
Service, 1946. (b) Heppel, L. A., and Porterfield, V. T.: Enzymatic Dehalogenation of Certain 
Brominated and Chlorinated Compounds, J. Biol. Chem. 176:763-769 (Nov.) 1948. 
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of tests in which spores survived (+) or were killed (—-). The range of variation 
in spore survival, as illustrated in this figure, was due to variations in both the 
period of exposure and the strain’s resistance. These results show that neither HBr 
nor CH;,OH was sporicidal for B. anthracis, when tested alone or in combination, 
in concentrations equivalent to. those obtained in the hydrolysis of CH3Br (0.1% 
HBr and 0.04% CH,OH). However, higher proportional concentrations of hydro- 
bromic acid destroyed anthrax spores, and the sporicidal concentrations varied 
directly with the length of exposure. Furthermore, the sporicidal action of HBr 
was apparently enhanced in the presence of CH,OH. Methyl alcohol, on the other 
hand, failed to kill anthrax spores in any of the concentrations tested, regardless 
of the period of exposures. 

Since hydrobromic acid was ineffective for the destruction of anthrax spores 
in the concentrations resulting from the normal hydrolysis of CH;Br, it seemed 
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Efficacy of HBr, CH.OH, and mixtures of these compounds for the destruction of anthrax 
spores during exposures of 6 to 72 hours. 


advisable to determine whether gaseous HBr would be more effective for the 
destruction of B. anthracis spores. 

In other experiments (150 tests) moist and dry spores from the six strains of 
B. anthracis were exposed to various concentrations of gaseous HBr for 48 hours 
ina vacuum chamber. Moist and dried, sterile filter-paper strips (7.0 1.5 cm.) 
inoculated with 500,000 to 50,000,000 spores per strip and prepared as previously 
deseribed by Kolb and Schneiter '* served as test materials. Similar types of unin- 
oculated strips were included as controls in each test. The apparatus and the 
methods used for exposing the anthrax spores to HBr were similar to those used 
in previous studies.'* However, alterations were made in the apparatus as necessi- 
tated by the ditferences in the properties of CH ,Br and HBr. The properties of 
these compounds are compared in Table 2. 
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The ditference in solubility was of most concern in these experiments. CH Br 
is almost insoluble in water, whereas, HBr is extremely soluble in water. 


Because HBr was not readily obtainable commercially in cylinders at the begin- 
ning of these tests, it was decided to produce the HBr in the laboratory as needed. 
Several methods were considered for production of gaseous HBr, but only three 
were used in these experiments. 


One of the methods, recommended most highly in the literature, was that of dropping liquid 
bromine onto moist red phosphorus and passing the evolved gas through a U-tube filled with 
moist red phosphorus to complete the reaction.2° Although this method was used for preliminary 
studies, its reaction rate was found to be slower than desired for these experiments. Furthermore, 
the HBr produced by this method contained excessive moisture, which had to be removed before 
use of the gas. 


It was found that this moisture could be removed effectively by sweeping the moist HBr 
through anhydrous calcium bromide (CaBr:) in a U-tube. However, this procedure required a 
large amount of CaBrz, which reduced the amount of dry gaseous HBr finally reaching the test 
chamber. 


A second method of producing the gas consisted in boiling aqueous hydrobromic acid (48%) 
and passing the gas through anhydrous CaBre. Although this method was satisfactory for the 


TABLE 2.—Comparison of Properties of CHsBr and HBr 


Properties CHsBr HBr 


Color 


Liquid a Colorless Pale yellow 
1.732 3.50 gm./L. 
3.56 C. — 67.0 C. 


(at room temp.) 130 gm. at 100 C. 


production of HBr, the reaction was accompanied by excessive moisture and elevated tem- 
perature. 


A third method,?! involving the heating of phosphoric acid with dry potassium bromide, was 
found to be the most suitable for the preparation of gaseous HBr for exposure tests. Water 
was boiled off of reagent phosphoric acid (85% H»,PO,) by applying the approximate amount 
of heat that would be used during the production of HBr, i. e., by setting the Bunsen burner 
flame to a predetermined height, then heating the phosphoric acid with this flame until no more 
water was given off. The potassium bromide crystals were then added to the phosphoric acid (at 
room temperature) and heat was applied as described above. The HBr gas produced by this 
method was relatively dry and pure. Furthermore, there was no trace of free bromine present. 
To assure dryness the HBr was passed through a U-tube containing a small quantity of anhy- 
drous CaBrz. Rubber connections were used only where necessary, and the entire system was 
kept closed (sealed with “vaspar”) 15 as much of the time as possible. This method was adopted 
for all subsequent experiments with gaseous HBr. 


The concentrations of HBr introduced into the exposure chamber during these experiments 
ranged from 0.058 to 0.342 gm. HBr per liter (1.75 to 10.30% by volume) and were calculated 
on the basis of pressure changes in the chamber. To equalize the pressure in the chamber to that 
of room pressure, air was allowed to flow in through a sterile filter and a CaBre tube. After 


20. (a) Babor, J. A., and Lehrman, A.: Introductory College Chemistry, Ed. 2, New York, 
Thomas Y. Crowell Company, 1942. (b) Holmes, H. N.: General Chemistry, New York, 
The Macmillan Company, 1921. (c) Holmes, H. N.: Introductory College Chemistry, Ed. 3, 
New York, The Macmillan Company, 1939. 

21. Babor and Lehrman.?° 
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the completion of exposure tests, the gas in each chamber was flushed through two bubblers in 
series and the combined contents of these bubblers was analyzed quantitatively for inorganic 
bromide *? in order to demonstrate the presence of HBr in the exposure chambers. Each bubbler 
contained 100 ml. of 2.5% sodium carbonate. The air used to flush the chamber was first passed 
through a sterile filter. In addition, representative control strips exposed in parallel with the 
inoculated test materials were analyzed for inorganic bromide, free bromine, and changes in 
hydrogen ion concentration. Although free bromine was never found to be present in the paper 
strips or in the bubbler contents, varying amounts of inorganic bromides and changes in ph 
were demonstrated. In the exposure of moist strips, no inorganic bromides could be detected in 
the atmosphere of the exposure chamber. However, bromides were demonstrated in the moist 
paper strips, as would be expected from the high solubility of HBr in water. 

It was anticipated that the chemically determined bromide concentrations would be somewhat 
below the values calculated from the pressure changes. This was due to the inherent difficulty 
in completely flushing the chamber without introducing contaminating bacteria and to the reten- 
tion of some HBr in materials exposed in the chamber. 


A summary of the results demonstrating the efficacy of gaseous HBr for the 
destruction of B. anthracis spores is presented in Table 3. The summarized data 
indicate that moist spores were completely destroyed by gaseous HBr in a concen- 
tration of 0.269 gm. per liter (8.3% by volume) in all tests (one triplicate test with 


Taste 3.—E ficacy of Gaseous HBr for the Destruction of B. Anthracis Spores 


Moist Spores Dry Spores 
‘ ( By volume, % 175 287 3.95 597 620 8.30 1.96 3.12 3.78 589 10.23 10.30 
Odncentration of HBr } By weight, em./L......... 0.058 0.095 0.131 0.198 0.205 0.969 0.065 0.104 0.125 0.191 0.341 0.342 
4 | Volume introdueed, M1.*.. 106.0 172.5 237.0 358.0 372.0 498.0 118.0 187.4 227.0 353.5 614.0 618.0 


Test in which spores were exposed : ‘ ‘ 2 12 18 4 12 : 12 
Tests in which spores were killed : 11 18 10 q 9 
2 Percentage of tests in which spores were killed... 58 25 100 5 75 


Mi. per 6,000 —capacity chamber. 


spores from each of six strains of B. anthracis) after 48 hours’ exposure at room 
temperatures, whereas lower concentrations of this gas (0.058 to 0.205 gm. per 
liter or 1.75 to 6.20% by volume) were not completely germicidal for moist spores. 
None of the concentrations (0.065 to 0.342 gm. per liter or 1.96 to 10.30% by 


volume) of gaseous HBr tested in the absence of moisture was entirely effective 
for killing dried spores. 


The results of these studies further corroborate the preceding tests, which 
demonstrated that hydrobromic acid is ineffective for the destruction of anthrax 
spores in concentrations equivalent to those resulting from the normal hydrolysis 
of methyl bromide. 

COMMENT 

The experimental evidence presented has demonstrated that gaseous CH;Br in 
the presence of moisture was capable of completely disinfecting commercial-sized 
rolls of hair and bristles contaminated with B. anthracis. Furthermore, the impor- 


22. Dudley, H. C.: Bromide Content of Fruits and Vegetables Following Fumigation with 
Methyl Bromide, Indust. & Engin. Chem., Anal. Ed. 11:259-261 (May) 1939. Friedman, M. M. : 
Simplified Bromide Determination in Blood and Urine, J. Biol. Chem. 144:519-524 (July) 1942. 
Shrader, S. A., and others: Determination of Total and Inorganic Bromide in Foods Fumigated 


with Methyl Bromide, Indust. & Engin., Chem. Anal. Ed. 14:1-4 (Jan.) 1942. Kolb and 
Schneiter.'? 
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tance of the presence of moisture was emphasized by the incomplete killing of the 
spores in the absence of moisture or under conditions of reduced moisture. An 
increase in the hydrogen ion concentration of the hair and bristles was produced 
when they were exposed to CH;Br. These factors combined to suggest that the 
destructive action of CH3Br on B. anthracis might be due to one or both of the 
hydrolytic products of CH,Br. This possibility was investigated, and solutions of 
HBr and CH;OH, employed singly and in combination, were found to be ineffective 
in concentrations which would be obtained through the normal hydrolysis of CH3Br. 
Methanol alone was not sporicidal in any of the concentrations tested, regardless of 
the exposure period. Gaseous HBr and solutions of HBr were capable of killing 
B. anthracis spores, but only at concentrations considerably above those which could 
be produced by hydrolysis of CH;Br and after prolonged exposure. It became 
apparent that some other explanation of the sporicidal activity of CH;,Br must be 
sought. 

Since sterilization was accomplished only in the presence of moisture, it seems 
essential to postulate that there is a relationship between this factor and CH3Br in 
the destruction of anthrax spores. In studies on the influence of moisture relative 
to the sterilizing action of ethylene oxide, Kaye and Phillips ** reported that this 
compound was more effective for the killing of Bacillus globigii spores in air at 28% 
relative humidity than at 65% or 97% relative humidity. However, with almost 
complete absence of moisture it became more difficult to kill these spores with 
ethylene oxide gas. These workers further theorized that this phenomenon was 
the result of a physical action in which moisture served as a softening agent for 
the desiccated spores, thus facilitating the ethylene oxide penetration of the spore. 
Since the efficacy of CH,Br for the destruction of anthrax spores has been shown 
to be influenced by the amount of moisture present, it seems plausible that this same 
phenomenon could apply with relation to methyl bromide. 


Another possibility which may be offered after consideration of the toxic reac- 
tions of CH;Br as presented by other investigators ** is that CH,Br per se, on 
gaining entrance into the spore wall, through the aid of either moisture or HBr 
formed by hydrolysis of CH,Br, disrupts the enzymatic structure or proteinous 


components of the spore, thus causing its destruction. However, a determination 


of the specific chemical reactions that take place within the cell provides an ample 
problem for future study. 


SUMMARY 


The results of studies of the efficacy of methyl bromide (CH,Br), hydrobromic 
acid (HBr), and methyl alcohol (CH;OH) for the disinfection of anthrax-con- 
taminated materials are presented. It was demonstrated that in the presence of 
moisture 3.4 to 3.9 gm. of gaseous CH Br per liter was capable of disinfecting 
commercial-sized rolls of hair and bristles after 18 hours’ exposure at room tem- 


23. Kaye, S., and Phillips, C. R.: The Sterilizing Action of Gaseous Ethylene Oxide: The 
Effect of Moisture, Am. J. Hyg. 50:296-306 (Nov.) 1949. 

24. Phillips, C. R.: The Sterilizing Action of Gaseous Ethylene Oxide: Sterilization of 
Contaminated Objects with Ethylene Oxide and Related Compounds; Time, Concentration, and 
Temperature Relationships, Am. J. Hyg. 50:280-288 (Nov.) 1949. Page, A. B. P., and 
Lubatti, O. F.: Some Effects of Fumigants on Foods, Chem. & Indust. 46:723-727 (Nov.) 
1948. Irish and others.17 
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perature without causing any apparent damage to the materials. The presence of 


moisture was shown to be essential in the destructive action. The hypothesis that 
the sporicidal action might be due to HBr and/or CH3OH, the hydrolytic products 
of CH,Br, was not substantiated by experiment. Hydrogen bromide, as a gas or 
in solution, was shown to be capable of killing B. anthracis spores at concentrations 
considerably greater than those which might be produced by normal hydrolysis of 
CH,Br. Methyl alcohol exhibited no killing power on B. anthracis spores at any 
concentrations tested (0.004 to 95%). Methyl bromide is believed to offer poten- 
tialities as a general nondeleterious disinfecting agent for contaminated industrial 
materials. 

Dr. Lawrence T. Fairhall, Yale School of Occupational Medicine, New Haven, Conn., and 
W. C. Alford, Experimental Biology and Medicine Institute, National Institutes of Health, 


Bethesda, Md., contributed helpful advice. J. D. Stream and R. S. Lloyd, of this laboratory, gave 
cooperation and assistance in the experimental studies. 
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INFLUENZA-VIRUS VACCINATION IN INDUSTRY 


C. F. YEAGER, M.D. 
BRIDGEPORT, CONN. 


| angen was prevalent in many areas of Connecticut during late February 
and March of 1951. Although there was no general prevalence in the United 
States, the Influenza Study Program of the United States Public Health Service 
reported outbreaks in New England, New York, lennsylvania, Ohio, Illinois, the 
West Coast, and Texas. According to a report on the third year of operation of 
the Influenza Information Center at the National Institute of Health, the disease 
was mild and nearly all outbreaks were identified as the A-prime type. 

An outbreak of respiratory infection resembling influenza was observed at 
the Remington Arms Company, Inc., Bridgeport, Conn., in late February and 
March, 1951, among the 2,799 employees. A total of 350 cases of respiratory dis- 
eases occurred between Feb. 20 and March 31, 1951, and were carefully studied 
in an attempt to evaluate the possible efficacy of influenza virus vaccine in prevent- 
ing influenza. In this series of cases all employees lost time in excess of two con- 
secutive working days. or example, an employee who worked on Wednesday but 
did not work the remainder of the 40-hour week because of respiratory infection 
and returned to work the following Monday was not included in this report. After 
an analysis of the 350 cases, it was concluded that 198 had clinical influenza. 
Reports from other industries in Bridgeport during this same period showed an 
unusually high incidence of absenteeism due to influenza. Absences in some indus- 
tries ran as high as 20 to 25%. 


For the past five years, employees at the Remington Arms Company, Inc., 
3ridgeport, Conn., have been given the opportunity of receiving immunizing doses 
of influenza virus vaccine. The injections were always given in November 
and December in the plant hospital strictly on a voluntary basis. In November and 
December, 1950, a total of 555 employees were vaccinated. In late February and 
March, 1951, an additional 292 employees requested and were given the vaccine. 
This totaled 847 vaccinated, representing 30.26% of all employees at the plant. 
It is safe to state that the request for the additional vaccinations was due to the 
publicity in the local newspapers calling attention to outbreaks of influenza in 
3ridgeport and other areas. The influenza vaccine administered contained a mix- 
ture of types A and B. The percentage of each strain used was as follows: 
PR8, 22.22% ; FM-1, 22.22% ; Cuppett, 22.22%; Lee, 33.33%. 


2.4270 


Not until February and March, 1951, was there an opportunity to study the 
effects of immunizing the employees with influenza virus vaccine. It was recog- 
nized before the analysis was begun that the method used in obtaining the results 


From the Remington Arms Company, Inc. 
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would be open to question by any scientific investigator in this field, and apologies 
are made for our limitations and shortcomings. ‘To my knowledge a virus was not 
isolated in any of the cases studied. 

Most all of the basic information which was necessary in the survey of the 
350 cases was obtained in the plant hospital when the employee returned to work 
after his illness. Each employee was carefully interviewed and the information 
given by the employee when questioned specifically about his illness was charted. 
See the accompanying table. In some instances leading questions had to be asked 
in order to evaluate the case properly. Many of the employees were seen at home 
during their illness by the plant visiting nurse, and the information she obtained 
was most helpful in the survey. Of definite value, also, was the family physician's 
diagnosis written on the insurance forms. 


Of the 1,952 unvaccinated employees, 183 had clinical influenza, while only 
15 of the 847 vaccinated employees had it, or 9.4% of the unvaccinated group as 
compared with 1.77% of the vaccinated group (Table 2). The average number of 
days lost was 8.0 in the vaccinated group and 8.2 days in the control group. 


Taste 2.—Comparison of l’accinated and Unvaccinated Groups with Respect to Influenza 


Average number of employees working from Nov., 1950 to Mareh, 1951 
Total number employees given vaccine. . 

Total number employees unvaccinated 

Number of cases in vaccinated group. 

Incidence in vaccinated group........... 

Number of cases in unvaccinated group 

Incidence in unvaccinated group....... 


The results obtained are almost identical with those of Francis, Salk, and 
Brace, who described an epidemic of influenza B occurring under controlled con- 
ditions and reported an incidence of 9.91% infection in an unvaccinated group 
while 1.15% of the vaccinated group showed evidence of infection. 


SUMMARY AND CONCLUSIONS 

An outbreak of respiratory infection resembling clinical influenza was observed 
in late February and March, 1951, among workers at the Remington Arms Com- 
pany, Inc., Bridgeport, Conn. Reports from other industries in Bridgeport indi- 
cated similar observations, and there was an exceptionally high incidence of 
absenteeism. 

If it can be presumed, in the absence of a laboratory diagnosis designating 
the specific virus, that the outbreak was due to the A-prime influenza virus as 
was found in other communities during this period, the results obtained in this 
series of cases strongly indicate that the subcutaneous injection of 1 cc. of influ- 
enza virus vaccine containing 22.22% FM-1 significantly reduced the incidence 
and exerted a striking protective effect against the disease. 

Help and cooperation were given by the Nursing Staff and Dr. T. J. Impellitteri, of the 
Remington Arms Company, Inc., in the preparation of this report. 
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THE PHYSICIAN IN INDUSTRY AND THE “ALCOHOLIC” WORKER 


LEO J. WADE, M.D. 
NEW YORK 


INCIDENCE 


ECAUSE of the grave economic and social consequences of the excessive 
consumption of alcohol (“alcoholism”), this problem has been given con- 
siderable attention during recent years, particularly by lay groups. Newspaper 
and magazine articles describing industrial programs devised to deal with 
“addiction” to alcohol have confirmed the opinion of these same lay groups that 
“alcoholism” is one of the major health problems confronting people. Careful 
tabulation of our own data, however, as well as that received from the medical 
departments of other affiliates of the Standard Oil Company (New Jersey), does 


not confirm this opinion. Table 1 summarizes our experience so far as the incidence 
of the disease is concerned. 


Taste 1.—Incidence of Alcohol Addiction Among Employees of the Standard Oil Company 


(New Jersey) and Its Affiliates 


1945 1946 


197 


1918 


Number of employees addicted to alcohol 10 12 24 29 4 37 
Total number of employees *.............. 59,306 66,650 74,054 79,452 88,617 85,554 
Number of cases per thousand employees 0.17 0.18 0.32 0.37 0.50 O44 


* Only those employees are included who have access to a full-time medical department staff. 


According to the Yale Center of Alcohol Studies, 50% of the four million 
problem drinkers in this country are employed in industry and business.!| These 
figures are said to be conservative statistical estimates based on spot surveys. 
Their contention that “alcoholism” is a serious problem for industry is further 
supported by their findings (1) that the alcoholic in industry loses an average of 
22 working days annually from the acute effects of alcohol: alone, (2) that, in 
addition, he loses two days more than “nonalcoholics” because of various other 
ailments, (3) that his accident rate is twice that of the 
and (4) that the life span of the alcoholic is reduced 
contrast to that of the “nonalcoholic.” 


abstainer or social drinker, 
approximately 12 years in 
If these findings are accurate, it is obvious 


that the economic costs to business and industry arising from this problem may 
be colossal 


From the Esso Standard Oil Company. 
1. Jellinek, FE. M.: What Shall We Do About Alcoholism? Vital Speeches 13:252 
(Feb. 1) 1947. 
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Having carefully scrutinized sickness losing-time cases of all Esso employees 
during the past vear, we are unable to confirm the above findings. We are quite 
prepared to recognize the fact that our data do not present the true situation. 
Alcoholics are not always brought to the attention of the medical department. 
There is a tendency on the part of the family, friends, fellow workers, foremen, 
union stewards, and even management itself on occasion to conceal and protect 
the alcoholic worker. Even after the condition of such an employee has deteriorated 
to the point where recognition of the true situation can no longer be concealed 
and where the continuing relationships have become intolerable for employer, 
friends, and family, there is still a curious effort in some quarters to conceal the 
facts and prevent their appearing on company records. There was a time when 
such concealment was necessary to protect sickness benefits, annuities, ete. For- 
tunately, there is an increasing tendency to recognize the problem for what it is, 
namely, a disease, thus decreasing but by no means eliminating possible diserimi- 
nation in the administration of insurance plans, ete. 


NATURE OF “ALCOHOLISM” 


At the onset of this discussion we wish to emphasize the word “disease” because 
we do believe alcoholics are usually sick people. We wish to take issue, however, 
with the use of the word “alcoholism” as a diagnosis. The word has been abused. 
Many persons, both lay and professional, have been satisfied to label a hetero- 
geneous group of persons with this pseudodiagnosis because these individuals had 
in common addiction to alcohol. This is a grave injustice to many such victims. 
The words “insanity” and “epilepsy,” for example, have been used similarly. These 
labels not infrequently lead to regrettable consequences when further diagnostic 
investigations are not used to ferret out the brain tumors, toxic goiters, parathyroid 
tumors, etc. ‘ 

It is to be emphasized, therefore, that a proper medical approach to the problem 
is not possible without an exhaustive use of available diagnostic techniques. 
Individuals addicted to alcohol may have organic disease or psychiatric illness. 
They may be victims of an environmental or sociological situation over which they 
as individuals have little or no control. If the physician is to be of help, he must 
seek and identify these contributory or causative factors. 


MEDICAL EVALUATION OF THE “ALCOHOLIC” 


With this in mind, our approach to the alcoholic employee is in no wise differ- 
ent from that to any other employee with any other presenting complaint. A 
thorough recording of the history and a physical examination followed by such 
laboratory aids as are indicated provide the basis for intelligent action. 

As one might surmise, few employees present themselves to the company 
physician with the complaint of alcoholism. Even though an employee may suspect 
that this is his underlying difficulty, he is frequently unwilling or unable to face the 
fact. It behooves those who are concerned with accurate diagnosis and the practice 
of preventive and constructive medicine to weigh and evaluate carefully infor- 
mation obtained in the personal history. Discussion of alcohol consumption, eating 


habits, and avocations or use of leisure time is likely to give clues to the underlying 
problem. 
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From both a diagnostic and a preventive point of view, it is necessary to 
evaluate alcohol consumption, Unfortunately, there is no specific level of alcohol 
consumption which can be relied on to separate the alcoholic from the nonalcoholic. 
Qn such a basis, whether the physician be a teetotaler or a free imbiber, anyone 
who consumes more than he is in danger of being classified as an “alcoholic.” 

Dr. Robert Seliger * has collected a group of questions (“The Liquor Test’’) 
to be asked those who drink alcoholic beverages. It is undoubtedly possible for 
some persons to consume considerable quantities of alcohol and yet “pass” this 
test. Likewise, there are many who will “flunk” the test even though consuming 
very modest amounts of alcohol. The purpose of the test is to elucidate the reasons 
for drinking, the time and the place of drinking, and the results thereof. With 
such information the physician is in a position to evaluate the role of alcohol in 
the individual’s life situation. 

Most of us recognize the grave import of the need or the desire for a drink 
before breakfast or the necessity of a drink at any given time of day. Similarly, 
the individual who goes alone to his room or to a bar to indulge in the drinking of 
an alcoholic beverage presents a much more serious problem than the man or the 
woman who drinks only on social oceasions. If alcohol is necessary to obtain 
social ease (in shy, self-conscious, or timid individuals), to relieve marked feelings 
of inadequacy, or to gain self-encouragement, continued use is unwise. If alcohol 
makes the employee restless and irritable, causes bodily complaints, decreases 
initiative and ambition, makes him moody and argumentative, beware! If alcohol 
jeopardizes the employee's job or makes him careless of his family’s welfare, it is 
dangerous. Such considerations as these permit the examining physician to evalu- 
ate alcohol consumption as a health hazard for the individual. 


CLASSIFICATION OF “ALCOHOLICS” 

With such a detailed and analytical approach, one may classify all employees 
drinking alcoholic beverages as belonging to one of two groups: (1) the social 
drinker or (2) the “addict.” 

In the first category one may include those individuals who are ordinarily 
considered “normal” drinkers. These persons may confine themselves to a rare 
cocktail or eggnog on a holiday, or they may have a daily before-dinner cocktail 
and even an occasional spree. No one should be included in this group, however, 
who is in any way dependent on the toxic effect of alcohol. Social drinkers are 
always able to indulge in or forego the pleasures they may obtain from alcoholic 
drinks according to the proprieties of the occasion. Unfortunately, many persons 
who consider themselves social drinkers are either addicts or will become addicts 
if permitted to continue their “social drinking.” 

“Addicts,” on the other hand, have come to depend on the toxic effects of 
alcohol. They may have considerable insight into their problem and may be fully 
cognizant of the fact that they rely on alcohol to tide them over particularly dis- 
tressing or “unendurable” situations. The “addict” may have little or no insight 
into the situation, the alcoholism being merely one of many symptoms of an under- 
lying major psychosis (symptomatic alcoholism). The latter group presents an 
obviously difficult, if not insoluble, therapeutic problem. 


2. Seliger, R. V.: Alcoholics Are Sick People, Baltimore, Alcoholism Publications, 1945. 
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Many classifications have been suggested by various students of the problem. 
We have found it useful from the standpoint of therapy as well as prognosis to 
identify the followng four groups °: 

1. Reactive alcoholism, or environmental habituation to alcohol 

2. Symptomatic alcoholism, or alcoholism which is merely one of several or 
more manifestations of an underlying neuropsychiatric illness 

3. Dipsomania 


4. Pathological drunkenness 


Reactive alcoholism, or environmental habituation to alcohol, includes all those 
persons who drink in relation to, or as an escape from, some environmental situ- 
ation. Business or social environment may “demand” the consumption of rather 
large amounts of alcohol. They drink because their associates do. Vocational, 
marital, economic, or physical difficulties which are not related to any deep-seated 
personality problems may lead the individual to excessive drinking. Usually such 
persons are able to make any necessary personality adjustments for a time, but 
ultimately they succumb to the physical or the mental effects of alcohol and become 
“addicted.” Such victims are sometimes referred to as secondary “addicts” in 
contradistinction to those in Group 2, who are primary “addicts.” It is essential 
that those who are interested in preventive or constructive medicine recognize 
environmental habituation to alcohol at the earliest possible moment so as to bring 
about such changes in job assignment or environment as are necessary to rescue 
these victims from their plight. 

Symptomatic alcoholism is endogenously determined in contrast with the former 
group, which is exogenously determined. Alcoholism solves none of these persons” 
problems. Sooner or later yan underlying major psychosis byeaks through. Only 
an expert and interested psychiatrist can offer any hope for successful therapy. 
Careful preplacement examinations should preclude the possibility that such per- 
sons may be assigned to responsible positions, even though the alcoholism as such 
is not recognized. 

The dipsomaniac has a periodic impulse to drink. His drinking is an outward 
manifestation of recurrent neuropathic “attacks,” which seem to “require” the 
narcotizing effects of alcohol. Unbearable difficulties such as may be experienced 
by individuals with psychoneuroses, manic-depressive psychoses, compulsion neu- 
roses, schizophrenia, epilepsy, etc., may be the precipitating factors. The patient 
usually knows why he drinks. He presents a problem for the neuropsychiatrist. 
The outlook may be hopeful. 

Pathological drunkenness is characterized by strange, often dangerous or dis- 
gusting, behavior following the consumption of even small or ordinary amounts 
of alcohol. In these individuals hallucinations or delusions may develop, to which 


they react. Frequently the entire episode is obliterated from the memory by 


amnesia on recovery. “Hangovers” are common among these persons, interfering 
with normal work performance for one or two days. Such individuals obviously 
should not be assigned to a job in which drinking is either a business or a social 


3. Page, R. C.: Alcohol in Relation to Disease, Medical Bulletin Standard Oil Company 
(New Jersey) 7:1, 1947. 
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“obligation.” Ordinarily such persons respond to a word of warning from someone 
in authority. If they fail to do so, they become disciplinary problems for manage- 
ment. 

In Table 2 the frequency rates for these four groups are noted for both domestic 
and tropical employees. 


PREVENTION OF “ALCOHOLISM” 


In keeping with an intelligent industrial medical policy, the goal should be the 
prevention of alcoholism rather than the treatment of the patient in whom the 
disease has become established. Two possible approaches to the problem are to 
be encouraged. First, management must adopt a reasonable attitude toward the 
problem and see to it that the same sane attitudes are inculcated in the various 
foremen and supervisors. The latter, in particular, must be made to realize that 
attempts to “cover up” for the alcoholic worker will ultimately be damaging rather 
than helpful to these men. It is far better to recognize the problem early and do 
something about it than keep it hidden for years while the inevitable creeping 
demoralization sets in. The supervisors should be apprised of the company’s 
attitude toward the problem and the available resources for coping with it. 
Taste 2.—Frequency of Several Types of “Alcoholism” Among Employees of the Standard Oil 

Company (New Jersey) and Its Affiliates * 


1947 1948 1950 


Dom. Trop. ; Dom Trop. Dom. Trop. “Dom. 
Environmental intoxication.... OS 
Neuropsychiatric intoxieation.... 07 
Dipsomania .... 18 


Trop. 

AS 17 

06 4 


* Frequeney rates per 1,000 employees are given. Affiliates not 


having a medical department have not 
been considered in the above rates. 


Second, personnel managers can play an important role in the prevention of 


alcoholism. Frustration is often the end-result if workers are assigned to jobs 


which are either too easy or too hard for them. Such frustration often leads to 
excessive drinking. Similarly, a worker whose relations with his fellow workers 
are unfriendly tends to be maladjusted and may drink to overcome his  short- 
comings. Blind-alley jobs, with limited promotional opportunities, disagreeable 
work, and low-interest jobs may drive men to drink. Personal problems may 
contribute to the tendency to resort to alcohol. Adequate recreational and social 
facilities may be of great help in supplying the worker with opportunities to relax 
and participate in social activities. Personnel officers, by more effective use of their 
techniques of selection, placement, training, and promotion, can reduce alcoholism 
within their organizations. 

Careful attention given by the physician at the time of periodic health exami- 
nations to the social and job history can be very helpful. We have made it a 
practice to ask every employee about his job at the time of his periodic exami- 
nation. Does he like it? Does he get along well with his boss and with his 


confreres? Does he think he has been treated fairly by the company and by his 
boss? The answers of course are of no value unless the employee has been con- 
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vinced of the confidential nature of medical information. If he is able and willing 
to talk, many valuable leads, not only to incipient alcoholism but also to other 
medical complaints, can be obtained. 


TREATMENT OF “ALCOHOLISM” 

Inasmuch as we are concerned primarily with preventive and constructive 
medicine rather than therapeutic medicine, we have no first-hand information 
regarding the relative merits of various types of therapy. We wish to point out, 
however, that if the employee has been properly classified in one of the previously 
described groups, the classification is of great value in guiding the physician in the 
choice of therapy. A brief résumé of the principal therapeutic measures available 
may be helpful to those physicians in industry seeking guidance in this problem. 

Various measures have been attempted which make the drinking of alcoholic 
beverages distasteful and unpleasant. The most hopeful of these at the present 
time is the use of a drug named antabuse* (anti-abuse). This is really a chemical 
compound with the unwieldy name tetraethylthiuram disulfide. If taken regularly, 
the ingestion of even small amounts of alcohol will cause an intensely uncomfort- 
able but relatively brief period of circulatory collapse. It is not realistic, of course, 
to suppose that any appreciable percentage of alcoholics would voluntarily take 
such medication over any long period. This drug does not hold forth any reason- 
able hope for curing “alcoholism.” It is an important adjunct, however, in that 
sobriety can be maintained with the aid of the family or a nurse for a long enough 
period to make possible the proper application of other methods. 

From what has gone before it is obvious that the techniques of psychiatry 
properly applied might have much to offer many “alcoholics.” Since cooperation 
of the patient is essential, this approach alone is of no value in many situations. 
If combined, however, with the temporary use of antabuse™ or the help of 
Alcoholics Anonymous, much can be accomplished in certain cases. 

Aleoholics Anonymous is credited by many competent observers with a higher 
percentage of “cures” than any other approach to the problem. The approach is 
one that has an appeal to the alcoholic and keeps him occupied in a constructive 
manner for an indefinite period. 

Finally, adrenocorticotropic hormone has been used more or less successfully 
in a number of instances. While it is too early to evaluate this approach, it seems 
probable that it, too, can best be considered as an adjunct to more nearly definitive 
treatment, such as psychotherapy and/or Alcoholics Anonymous. 


WHERE 


TO FIND HELP 
It is essential that each medical department be fully advised as to the treatment 
facilities in the immediate area. To this end, the following sources may be helpful : 

(a) National Committee on Alcoholism, 2 F. 103d St., New York 29, N. Y.: 
This organization acts as a central clearinghouse for information concerning 
alcoholism. It distributes varied literature on the subject. Through its 56 local 
affiliates, it has the best available information on specialized help and _ facilities 
(physicians, hospitals, sanitariums, etc.) in the areas where they are located. 
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(b) Local committees for education on alcoholism: Consult your telephone 


directory or write the national headquarters (above). If there is a committee in 
your area, it will be listed under the city or the county name. 

(¢) Alcoholics Anonymous: Post Office Box 459, Grand Central Annex, New 
York 17, N. Y. 

(d) Local group of Alcoholics Anonymous: The group is usually listed in the 
telephone book under “AA.” It will do everything in its power to help if the 
aleoholic wants help. Otherwise the family or friends would be well advised to 
make the personal acquaintance of some AA members and discuss the situation 
with them. 

SUMMARY 

Most industries are probably unaware of the magnitude and the cost of the 
problems among its “alcoholic’’ employees. 

The evaluation and treatment of such workmen is primarily a medical prob- 
lem, which should be approached in the same calm, unbiased, and helpful manner 
as any other health problem. 

Qn the basis of a careful medical evaluation, guidance can be provided to both 
employee and management in the handling of individual problems. 

Each medical department in industry should acquaint itself with the local 
resources for dealing with the problem. 
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SOME COLLOIDAL PROPERTIES OF INERT DUSTS 


R. F. HOUNAM, B.Sc. 
WANTAGE, BERKS, ENGLAND 


HE SOLUBILITY theory is, at present, the most widely accepted theory of 
the means whereby silica causes silicosis. It assumes that when air-borne 
silica particles become deposited in the lungs they are slowly dissolved by the lung 
fluids to give a poisonous solution which causes necrosis of the tissue and, con- 
sequently, the characteristic fibrosis and nodulation of silicosis. In support of this 
theory, determinations have been made of the amount of silica going into solution 
from dispersions of silica and other siliceous dusts in various liquids. The results 
have been in broad agreement with the known facts of silicosis. Emmons and 
Wilcox ' suggested that the silica may go into colloidal solution rather than into 
true chemical solution. It has been suggested by Titus * that silica is insoluble and 
that measurements of the solubility of silica relate to the finest particles originally 
present in the dust. These possibilities were probably more fully appreciated shortly 
after the solubility theory first became accepted than they are today, as may be 
realized by comparing the papers (and the discussions on them) of, say, Briscoe, 
Matthews, Holt, and Sanderson * or Denny, Robson, and Irwin * with the review 
of Forbes, Davenport, and Morgis.° 
Some degree of correlation of the solubility and the dispersibility of silica dust 
has been observed from time to time by such workers as Denny, Robson, and Irwin,* 
for example, but as inconsistencies have been reported the connection has naturally 
been considered invalid. If these inconsistencies can be accounted for, then a con- 
nection between toxicity, solubility, and dispersibility would appear reasonable. The 
dispersibility of a dust, that is its ability to form a nonflocculated or stable suspension 
in a suitable liquid, is a colloidal phenomenon. It is the purpose of this paper to 
present evidence to support the contention that the behavior of the silica dust particle 
considered as a colloidal miéelle is related to the pathogenic action of silica. 
It is probable that some nonsiliceous dusts are also toxic. It is suggested that 
the colloidal behavior of any inert dust may be related to its toxicity. In the case of 


a mixed dust containing, say, both siliceous and nonsiliceous material, the colloidal 
behavior of the mixed dust must be considered. 


1. Emmons, R. C., and Wilcox, R.: A Mineralogic Study of Silicosis, Am. Mineral. 22:256, 
1937. 

2. Titus, A. C.: Silica and Silicate Solubilities, J. Indust. Hyg. & Toxicol. 19:138, 1937. 

3. Briscoe, H. V. A.; Matthews, J. W.; Holt, P. F., and Sanderson, P. M.: Some New 
Characteristic Properties of Certain Industrial Dusts, Tr. Inst. Min. & Met. 46:291, 1937. 

4. Denny, J. J.; Robson, W. D., and Irwin, D. A.: The Prevention of Silicosis by Metallic 
Aluminum, Tr. Inst. Min. & Met. 48:655, 1939. 

5. Forbes, J. J.; Davenport, S. J., and Morgis, G. C.: Review of 


Literature on Dusts, 
U. S. Department of Interior, Bureau of Mines, 1950. 
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SOME PROPERTIES OF HYDROPHOBIC SOLS 


Water suspensions of small particles of the elements, their oxides, and salts are 
termed hydrophobic sols to differentiate them from suspensions of substances such 
as gelatin, which are called hydrophilic sols. 

On being suspended in water (normally containing some electrolyte) the par- 
ticles of a hydrophobic sol acquire, from the ions present in the water, electrical 
surface charges. These charges are neutralized by clouds of ions of opposite sign 
in the liquid surrounding each particle. This surface charge and the surrounding 
cloud of ions form the familiar double layer of colloid chemistry. The sign and the 
magnitude of the surface charge depend largely on the material of which the parti- 
cles are made and on the liquid in which they are suspended. If the magnitude of 
the charge and characteristics of the liquid are suitable, the sol will be stable, and 
if the particles are small enough, they will remain in suspension indefinitely. 


Fig. 1.—Results of suspending a constant amount of silica powder (0.2 gm. SiO.) in 10 ce. 
of the following methylene blue solutions: (1) 0.007%; (2) 0.01%; (3) 0.014% ; (4) 0.02% ; 
(5) 0.028% 


On being suspended in water the particles of most inert, insoluble dusts become 
electrically charged. If the charge is small, the double layer is weak and, unless 
the particles become hydrated as occurs, for example, with a bentonite sol, the 
suspension is unstable and the particles soon settle. A variety of substances, not- 
ably silica and some silicates, acquire a large enough charge to form stable hydrosols 
in water alone. 

The stability of a hydrophobic sol may be changed by varying the nature or 
the concentration of electrolyte in the suspending medium. The concentration of 
electrolyte required to coagulate a stable sol depends almost entirely on the valency 
of the ions forming the outer part of the double layer. As this concentration varies 
inversely as the sixth power of the valency, the effectiveness of bivalent and tri- 
valent ions as compared with monovalent tons can be readily appreciated. 

An alternative method of effecting coagulation is by mixing suspensions of 
positively and negatively charged sols. If both sols are stable in the same liquid, 
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three final states may be noted: If the negative sol is in excess, stability will be 


practically unimpaired, although, owing to some coagulation, the particles will 
carry a slightly reduced charge. Ii the positive sol is in excess, the particles will 
show a slightly reduced positive charge. When both are present in equivalent 
(electrical) quantities, complete precipitation occurs, due to the mutual coagulation 
of all the particles. The transition from one state to another is, of course, con- 
tinuous. If, however, the negatively charged sol is stable while the positive sol is 
unstable, then admixture can only decrease the stability of the negative sol. 


THE METHYLENE BLUE FIGURE 
An idea of the relative charges carried by the particles of various dust sus- 
pensions may be obtained by finding the amounts of an oppositely charged colloid 


Taste 1.—W eight in Grams of Methylene Blue Required to Give an Isoelectric 
Mixture with 1 Gm. of Dust, and Results After 24 Hours’ Standing 


Condition of 
Sign of Methylene Suspension After 
Charge Blue Figure Standing 24 Hr. 

Precipitated silica Turbid 

Kaolin 0.017 Turbid 

Silica powder ... 0.008 Turbid 

Asbestos .... 0.006 Turbid 

Anthracite ......... 0.005 Turbid 

0.005 Turbid 

Graphite 0.0035 Turbid 

- 0.0017 Turbid 

Carborundum ........ - 0.0012 Turbid 

Carbon black .... einen Turbid 
Caleium sulfate ....... ms 0 Clear 

Ferrie oxide .. 0 Turbid 
Fluorspar ......... 0 Clear 
Limestone ... + 4.0002 Clear 
Bone ash —.0015 Clear 
Cement 0).002 Clear 
Calcium oxide ...... ‘ 0.005 Clear 


required to neutralize the charges carried by the suspensions. Dyes which dis- 
solve in water to give colloidal solutions are convenient substances for experiments 
of this nature. A basic dye such as methylene blue dissolves to form a positively 
charged colloid, while an acid dye such as Biebrich scarlet gives a negatively 
charged colloid. Silica particles carry a negative charge when suspended in water. 
Thus a stable suspension of silica dust may be caused to precipitate completely by 
addition of the correct amount of methylene blue to give an isoelectric mixture. 

The results of suspending a constant amount of silica powder in methylene blue 
solutions of varying concentration and then allowing the solutions to stand for 24 
hours are shown in Figure 1. In the weaker solutions all the dye is adsorbed 
onto the dust particles to lower the stability of the suspension. When the dust 
settles, the supernatant liquid is seen to be colorless. As more dye is added, a 
point is reached when the stability is lowest and the supernatant liquid becomes 
very faintly colored. With higher concentrations of dye the liquid is a denser 
blue and the stability of the suspension increases again. The isoelectric point is 
taken as that of lowest stability, and this occurs when the amount of dye is just 
sufficient to tint faintly the supernatant liquid. 


AF 
Hee 
aan 
= 


378 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


In the case of a dust which does not form a stable suspension in water, the 
isoelectric point is taken to occur when the amount of dye is just sufficient to 
tint the supernatant liquid. 

To 0.2-gm. portions of dust, which are unsized, are added 10-cc. amounts of 
aqueous solutions of methylene blue dye of varying concentrations. After the 
suspensions have been shaken vigorously, they are allowed to stand and settle. 
From the appearance of the suspensions after settling the isoelectric mixture 1s 
determined. The weight in grams of methylene blue required to give an isoelectric 
mixture with 1 gm. of dust is quoted in Table 1 as the methylene blue figure. 

Positively charged dust suspensions are stabilized by methylene blue but may 
be precipitated by a negatively charged colloid such as is formed by the acid dye 
tiebrich scarlet. Negative methylene blue figures have been assigned to the dusts 
which become positively charged on being suspended in water, after determining 


Fig. 2—Appearance of suspensions of dusts 24 hours after a shaking-up in distilled water : 
(1) silica; (2) siliea + 1% aluminum; (3) alumina; (4) alumina as (3) after additional 


shaking and a further 24 hours’ sedimentation; (5) alumina as (4) after additional shaking 
and a further 24 hours’ sedimentation. 


the amount of Biebrich scarlet required to give an isoelectric mixture with the dust 
and then titrating the Biebrich scarlet against methylene blue to find the rela- 
tive amounts of these two oppositely charged dyes to give complete mutual pre- 
cipitation, 

The experiments recorded in this paper began with the observation, which is 
by no means original, that some dusts give stable suspensions when dispersed in 
water while other dusts do not. About 0.2 gm. of dust is shaken up with 10 ce. of 
distilled water in a small stoppered bottle; the suspension is allowed to stand and 
sediment for 24 hours. An observation is then made of whether the suspension has 
remained turbid, when the sol will be stable, or whether the particles have all 
settled out and the supernatant liquid appears clear, an indication that the sol 1s 


unstable; see Figure 2. The results of these experiments are also included in 
Table 1. 
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It will be seen that all the negatively charged dusts give stable suspensions, 
while those positively charged give unstable suspensions. It is thought that the 
instability of the latter may be due to the slight solubility of the Ca** ions. The 
difference in the turbidity of the suspensions after standing for 24 hours is not 
due to a deficiency of small particles in those dusts sedimenting completely, for, 
by adding a suitable electrolyte or wetting agent to the water, all the dusts except 
calcium sulfate could be made to give stable suspensions. The calcium sulfate did 
indeed appear to consist mainly of large particles. 

The magnitude of the charge carried by carbon black is small, but exact meas- 
urement is impossible as this material was incompletely wetted by water. Unless 
the particles are hydrated, it is difficult to explain why the apparently uncharged 
ferric oxide forms a stable suspension. 


AGING DUST SUSPENSIONS 


OF 


The behavior of some of the dusts was observed to change when they remained 
in water. Although initially a stable hydrosol would be formed on dispersing 


TaBLe 2.—Iariation of the Methylene Blue Figures for Dusts With Time 


Methylene Blne Figure After 


Dust () Days 1 Day 2 Days 4 Days 8 Days 16 Days 82 Days : 
0.008 0.008 0.008 0.008 0.008 0.008 0.008 
Turbid Turbid Turbid Turbid Turbid Turbid Turbid 
0.0017 0.0010 0.0007 0.0006 0.0004 0.0004 0.0004 
Turbid Turbid Clear Clear Clear Clear Clear 
0.017 0.016 0.016 0.016 0.015 0.015 0.015 
Turbid Turbid Turbid Turbid Turbid Turbid Turbid 
O.0012 O.0010 0.0010 O.0010 O.0010 0.0010 0.0010 
Turbid Turbid Turbid Turbid Turbid Clear Clear 
0 0 0 0 0 0 
Turbid Turbid Turbid Clear Clear Clear Clear 


them in water, yet in the course of a few days the properties of, the suspension 
would change so that stability was lost. Table 2 shows that variation of the 
methylene blue figure with time for these dusts and silica. The tubes containing 
the dust suspensions were shaken daily to redisperse the particles. As before, 
observations were made as to whether the supernatant liquid was clear or whether 
the suspension remained turbid after 24 hours’ sedimentation. 

There is but little, if any, variation with time in the properties of the silica 
powder. The changed stability of the alumina may be attributed to the loss of 
charge. As the charges of kaolin and slate do not change appreciably, perhaps 
the kaolin suspension, which eventually becomes unstable, after three months, and 
the slate suspension lose stability because of the leaching of metallic ions from the 
material. 
MIXTURES OF DUSTS 
In Table 3 are given some results bearing on the dispersibility of mixtures of 
dusts in distilled water. 

Silica dust carries a negative charge when dispersed in water and gives a stable 
suspension. The charge carried by alumina remains negative, although it decreases 
with time. It appears that the stability of a mixture of silica and alumina gradually 
decreases, owing to the combined charges and the resulting double layers becoming 
inadequate to produce stability. 
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Calcium sulfate appears to be uncharged, and yet quite small amounts render 
the silica sol unstable. It seems probable that this is due to the calcium ions going 
into solution, thus reducing the thickness of the double layer around the silica parti- 
cles so that instability ensues. 


A mixture of silica and lime gives a flocculent precipitate. This indicates that 
the instability of the mixture is due to the mutual coagulation of negatively and 
positively charged colloidal particles. 


Tasre 3.—Dispersihility of Mixtures of Dusts in Distilled Water 


Condition of 
Suspension After 
Material in Suspension Standing 24 Hr. 
Anthracite + an equal amount of ealcium sulfate Clear 
Silica + an equal amount of alumina.. : Turbid 
Siliea + an equal amount of alumina after 3 weeks.. Clear 
Sillea + 0.5% calcium sulfate Turbid 
Sillea + 1.0% calcium sulfate Lovee Clear 
Sillea (1 part) +- ferrie oxide (1 part).... ; ‘ Turbid 
Siliea (1 part) + ferrie oxide (10 parts) after 3 days Slightly turbid 
Silica (1 part) + ferric oxide (100 parts) after 3 days...............cceeeeeweees Clear 
Silica + an equal amount of LHime...........0.cccccceccccecccseceess Clear 
Silica + an equal amount of limestone ; Clear 


Tasie 4.—Effect of Adding Small Amounts of Aluminum Powder and 
Aluminum Sulfate to Silica and Anthracite Sols 


Condition After 
Material in Suspension Standing 24 Hr. 


Silica + an equal amount of aluminum Clear 
Clear 
Clear 
Siliea + 0.001% aluminum added as aluminum sulfate. Clear 
Silica + 0.0001% aluminum added as aluniizum sulfate... Turbid 
Anthracite + an equal amount ot aluminum Clear 


Silica + 1% aluminum after 3 days.... 
Silica + 0.1% aluminum after 3 weeks. 
Silica + 0.08% aluminum after 3 months. 


EFFECT OF COLLOIDAL ALUMINA ON THE STABILITY OF SILICA SOLS 


In Table 4 are given the results of the addition of small amounts of aluminum 
powder (not McIntyre) and aluminum sulfate on the dispersibility of silica and 
anthracite. The results show that the dispersibility of silica is destroyed by admix- 
ture of aluminum. Aluminum dissolves in water to give colloidal alumina, which 
carries a positive charge. As the particles of a silica hydrosol carry a negative 
charge, their stability will be destroyed by the addition of colloidal alumina. Alumi- 
num sulfate, which dissolves readily in water to give colloidal alumina, appears to 
he more effective than powdered aluminum for destroying the stability of silica 
hydrosols. 


Colloidal alumina should be held quite tenaciously on the surface of silica. Both 


colloidal alumina and colloidal silica are commonly used as mordants in the dyeing 


of textiles, and the fastness of mordant dyes to washing and laundering is well 
known. 
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Dyeing is a colloidal process; thus basic mordants such as alumina are colored 
by acid dyes such as Biebrich scarlet, while silica, an acid mordant, is colored by 
basic dyes such as methylene blue. A coating of colloidal alumina on silica is thus 
stained by aurinetricarboxylic acid as demonstrated by Denny, Robson, and Irwin.* 


BEHAVIOR OF COAL DUSTS 


Attempts to determine the properties of steam coal and bituminous coal in water 
alone have been unsuccessful, as dusts of these minerals are not completely wetted 


TABLE 5.—Methylene Blue Figures For Coal Dusts 


Methylene 
Dust Blue Figure 
Anthracite F 0.006 
Bituminous coal........... 0.004 


Fig. 3.—The stability of varying proportions of silica and bituminous-coal dusts in a 50: 50 


mixture of ethyl alcohol and water: (1) 5 parts of silica to 1 part of bituminous coal; (2) 
1 part of silica to 1 part of bituminous coal; (3) 1 part of silica to 5 parts of bituminous coal. 
The total weight of dust in each tube is the same. 


by water. It was felt that the use of wetting agents to ensure wetting would be 
unsatisfactory. Most wetting agetts dissolve in water to form colloidal electrolytes, 
so that the addition of a wetting agent to a dust suspension would not only modify 
the interfacial tension between the dust particles and the liquid but might also 
modify the electrical charges carried by the dust particles till they are more typical 
of the wetting agent than of the dust. 

It seemed preferable to use a liquid such as ethyl alcohol, like water a neutral, 
polar liquid, which, however, completely wets coal dusts. A suitable liquid seems 
to be a 50:50 mixture of ethyl alcohol and water, which is a better dispersing 
medium than alcohol alone and has adequate wetting properties. 

Table 5 gives the methylene blue figures for anthracite dust and steam-coal 
dust from South Wales and for bituminous-coal dust from Lancashire. Silica is 
included for reference with the results using water alone as the dispersing medium. 
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Small amounts of dust containing varying proportions of silica and bituminous 
coal have been shaken up in the alcohol-water mixture and allowed to sediment 
for 24 hours to determine the stability of the composite dusts. The results are 
illustrated by Figure 3. It will be noted that, as would be expected from the 
results in Table 5, a 1:1 mixture of silica and bituminous coal is unstable (a 1: 1.25 
mixture should be most unstable), while the mixtures containing the higher or 
lower proportions of silica are stable. 


Fig. 4—Electron micrograph of silica dust dispersed in a solution of collodion in amyl 

acetate. 
CORRELATION OF SOLUBILITY AND DISPERSIBILITY 

It is asserted that determinations of the solubility of silica by the method of 
King ® measure only the silica in chemical solution and the results are uninfluenced 
by particulate silica. It should be noted that, although before the soluble silica is 
estimated the bulk of the particulate matter is removed from the liquid by filtering 
or centrifuging, yet the smallest particles, < 0.05 yp, remain dispersed in the liquid 
as a stable hydrosol. That the amount of material of such small size is not incon- 
siderable may be seen from the accompanying electron micrograph, Figure 4, of 
a dispersion of silica powder in a solution of collodion in amyl acetate. 


6. Kine FE. J.: The Determination of Silica, Biochem. J. 33:944, 1939. 
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\ negative sol such as is formed by silica in water is coagulated by acids. 
When the pH of the suspension is brought down to less than 6 by addition of hydro- 
chloric acid silica sols are found to be unstable. It is of interest to compare this 
with the experiments of King,’ who showed that the solubility of silica is very 
low in acidified liquids with a pH less than 6. 

The results given in Table 3 show that the stability of a silica sol is destroyed 
by admixture of certain other dusts. Among these dusts are alumina, some of the 
calcium minerals, and ferric oxide. These are dusts which, according to Briscoe, 
Matthews, Holt, and Sanderson,’ Craw,* and King and Roman,” exert a depressant 
effect on the solubility of silica. 

It was shown in Table 4 that aluminum powder destroys the dispersibility of 
silica suspensions. Taking into account the different method of test, these results, 
giving the amount of aluminum required to destroy the stability of a silica sol, 
agree remarkably well with the results of Denny, Robson, and Irwin * and of King, 
Wright, Ray, and Harrison,’’ giving the amount of aluminum required to prevent 
silica from going into solution. 

Aluminum sulfate is frequently used to facilitate the removal of suspended 
impurities in sewage and drinking water. This salt, which dissolves easily in water 
to form colloidal alumina, is added to the water in sufficient quantity to give a 
very flocculent precipitate with the impurities, which can then be readily removed 
by settling. The extensive use of aluminum sulfate for water treatment suggests 
that aluminum is among the most efficient agents known for destabilizing negatively 
charged hydrosols. Iron salts, e. g., ferric chloride, are also used under certain 
circumstances. 

By assuming that solubility measurements are really measurements of the 
amount of extremely fine particulate material remaining in suspension in the liquid, 
several hitherto paradoxical facts may be explained. 

Briscoe, Matthews, Holt, and Sanderson * found that the solubility depends on 
the amount of dust present in the liquid. This result is difficult to reconcile with 
what normally occurs with slightly soluble materials going into chemical solution, 
yet quite in agreement with what would be expected in the case of a dispersible 
powder. 

It has also been found that solubility increases with the time of shaking the 
material with the liquid. When a powder is mixed with water, although most of 
the powder becomes wetted quickly, it is usual to find some aggregates remaining. 
On continued shaking the aggregates slowly break down and the particles become 
dispersed, thus accounting for the variation of solubility with time. 

Another result reported by these authors is that the solubility increases rapidly 
with temperature and at 100 C. appears to be much greater than could ever be 


7. King, E. J.: Chronic Pulmonary Disease in South Wales Coal Miners: III. Experi- 
mental Studies: The Solubility of Dusts from South Wales Coal Mines, Medical Research 
Council, Special Report Series, No. 250, London, His Majesty's Stationery Office, 1945. 

8. Craw, J.: The Control and Elimination of Silicosis in the West Coast Haematite Iron 
Ore Industry, Brit. J. Indust. Med. 4:30, 1947. 

9. King, E. J., and Roman, W.: Depression of the Apparent Solubility of Silica in Body 
Fluids, Biochem. J. 32:2283, 1938. 

10. King, E. J.; Wright, B. M.; Ray, S. C., and Harrison, C. V.: The Effect of Aluminum 
on the Silicosis-Producing Action of Inhaled Quartz, Brit. J. Indust. Med. 7:27, 1950. 
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obtained by prolonged agitation at room temperature. This would be inconsistent 
with the idea that it is the smallest particles, which constitute a fixed proportion 
of the material, that are responsible for the solubility; but it is in agreement with 
the solubility theory. If, however, the results giving the variation of solubility 
with time are plotted so that the time scale is logarithmic, a straight line is obtained 
and the inconsistency is removed. 

Denny, Robson, and Irwin* abandoned the idea that dispersibility and solu- 
bility were related on observing the flocculation of silica associated with an incom- 
plete suppression of solubility in a solution of methylene blue. It should be 
remembered, however, that the continuous addition of methylene blue will result 
first in a reduction of the stability of the silica sol, followed by complete precipitation 
of the silica, but on addition of more dye restabilization occurs as a_ positively 
charged mixed sol is formed. The process is illustrated by Figure 1. The silica 
and the dye must be mixed in isoelectric proportions for flocculation to be com- 
plete. It is suggested that under these conditions the solubility will be very low. 
Denny, Robson, and Irwin make no mention of having used isoelectric proportions 
of dye and silica powder in their experiments. 

King * found that anthracite inhibited the dissolution of quartz strongly and 
steam and bituminous coals weakly or not at all. It is perhaps inadvisable to 
draw a parallel between King’s experiments and those recorded here, as different 
liquids and, almost certainly, different dusts have been used. It may, perhaps, be 
remarked that in his experiments King used 5 parts of powdered bituminous coal 
to | part of silica (quartz). It is shown in Figure 3 that a mixture of 5 parts of 
bituminous coal to 1 part of silica gives a dispersible mixture in the alcohol-water 
mixture used as a dispersing medium in these experiments. Thus these results are 
not incompatible with the idea that the dispersibility and the solubility of silica are 
related, and they suggest that had King used a lower proportion of bituminous coal 
to quartz he may have obtained an appreciable reduction in the dissolution of 
the quartz. 

There would, therefore, appear to be good grounds for assuming a close cor- 
relation between the dispersibility and the solubility of silica. While the ammonium 
molybdate method is claimed on very good evidence to be insensitive to particulate 
silica, it is shown above that the results of certain experiments are more satisfac- 
torily accounted for by assuming that very fine silica dust particles do give a color 
reaction with ammonium molybdate. 


TOXICITY AND COLLOIDAL PROPERTIES OF DUSTS 


It is with great reserve that, on the basis of the experiments recorded above, 
one suggests that there is any relation between the colloidal properties of dusts and 


their toxicity. In the first place no information is available respecting the toxicity 
of any of the dusts and powders used. On the other hand, they may be considered 
typical of their kind. Any suggestion of a relation with toxicity is therefore based 
on generally accepted opinions of the toxicities of dusts of various materials. 


It is thought that of the dusts listed in Table 1 those which are more toxic 
appear toward the top of the table, while the nontoxic dusts are found at the bot- 
tom. This indicates that those inert dusts which are toxic when breathed into the 
lungs carry a negative charge when dispersed in water and the more toxic the 
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dust, the greater the negative charge carried by the particles. Those dusts which 
are generally considered harmless are uncharged or carry a positive charge. As a 
result of the relatively large negative charges they carry, the more toxic dusts form 
stable hydrophobic sols when dispersed in distilled water. 

The behavior of a dust may change on prolonged water immersion, as is shown 
in Table 2, and due allowance should be made for such a change in attempting to 
correlate the toxicity of any material with its colloidal properties. 

Table 3 shows that antidotal dusts when mixed with silica destroy the stability 
of silica suspensions. 

It is now becoming generally accepted that the course of silicosis may be modi- 
fied by aluminum therapy. Table 4 records that small proportions of aluminum 
will slowly flocculate a silica sol. The results given in Table 4 also show that 
considerably less aluminum is required to precipitate a silica sol if it is used in the 
form of aluminum sulfate and that the effect is instantaneous. This suggests that 
aluminum therapy may be more conveniently carried out by the use of readily 
soluble aluminum salts than by the use of the slowly soluble aluminum metal powder, 
should aluminum salts prove effective in the treatment of silicosis and pneumo- 
coniosis, 

The anthracite, steam-coal, and bituminous-coal dusts used for the experiments 
reported in Table 5 were from collieries where the incidence of pneumoconiosis may 
be described as high, medium, and low, respectively. While suspensions of the 
steam coal sediment comparatively rapidly in the alcohol-water mixture used 
in the experiments with coal dust, both anthracite and bituminous coal give stable 
suspensions. There is the suggestion, therefore, that in attempting to relate the 
colloidal properties of dusts with their toxicity, it is not dispersibility that is impor- 
tant but rather the sign and the magnitude of the electric charge carried by the 
dust particles. The dispersibility or stability of the disperse phase of a hydro- 
phobic sol is a secondary characteristic of the sol and depends largely on the mag 
nitude of the charges carried by the particles 

In the experiments to determine the amounts of dye giving isoelectric mixtures 
with various dusts the relative charges carried by constant weights of dusts are 
ascertained. It is these results that have been correlated with toxicity. The prop- 
erties of a hydrophobic sol are perhaps governed by the potential of the particles 
states that the stability ot 
a hydrophobic sol depends on the electrokinetic or ¢ potential of the colloidal parti 


rather than by the charge they carry. Thus Weiser "' 
cles. More recently, however, McBain '*? has expressed uncertainty as to the 
interpretation of potential measurements. It is only because of the simplicity of 
the method that the relative charges carried by the dust suspensions were deter- 


mined by dye adsorption. .\ more fundamental approach, perhaps using sized 


dusts, may be desirable. 


st 


MMARY 


\s a result of a number of dye-adsorption and sedimentation experiments with 


various inert mineral dusts which are considered to give rise to silicosis or pneumo 


11. Weiser. H. B.: Colloid Chemistry, New York, John Wiley & Sons, Inc., 1939, p 
12. McBain, |. W Colloid Science, Boston, D. C. Heath & Co., 1950, p. 194. 
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coniosis, and also with dusts which are considered to be nontoxic, with the reser- 
vation made in the preceding paragraph, the following assertions appear reasonable : 
1. Dusts that give rise to silicosis and pneumoconiosis form negatively charged 
hydrophobic sols when suspended in water or in a 50% solution of ethyl 
alcohol and water. 
The more toxic the dust, the greater the negative charge carried by the 
particles. 
Dusts which are nontoxic may carry a very small negative charge but more 
generally become positively charged on suspension in water or a 50% solu- 
tion of ethyl alcohol in water. 


The toxic action of silica, which acquires a negative charge on being suspended 


in water, has been modified by the prophylactic use of aluminum powder, which 
dissolves in water to form a positively charged sol of colloidal alumina. 

There is probably a close correlation between the solubility and the stability of 
suspensions of silica. 


Dr. C. N. Davies, of the Medical Research Council, has given generous help and encour- 
agement to this work. 
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CONCENTRATIONS OF PARTICULATES FOUND IN AIR 


MELVIN W. FIRST, Sc.D. 
AND 

PHILIP DRINKER, Ch.E., Sc.D. 

BOSTON 


HE CONCENTRATION of air-borne dust and mist in the atmosphere 

varies with meteorological conditions and with human activity. The dust 
storm of arid areas or the volcanic eruption produces unusually heavy concentrations 
which may affect large populations, but such events are happily rare. In industrial 
hygiene we are concerned not with the unusual but with the commonplace as we 
find it in everyday life and in industry. 

In attempting to depict atmospheric concentrations in conventional units we 
were struck by the wide range to be covered. We have made the accompanying 
chart, plotted on logarithmic scale, to show conditions with which we have actually 
had to deal in practice—i. e., from the heavy loadings handled in low-pressure 
pneumatic conveying to the traces representing the limits set for the radioactive 
elements. 


Fogs and mists are persistent aerosols in the absence of strong winds, not only 
because droplets are small enough to remain suspended in air for long periods but 
because the concentration is sufficiently low (50 to 500 mg. per cubic meter) so 
that rapid agglomeration and settling do not occur. If, under appropriate meteoro- 
logical conditions, the concentration of a mist or fog increases beyond approxi- | 
mately 500 mg. per cubic meter, particles coalesce and precipitate as fine rain or 
drizzle. 


Clean country air contains as little as 9.1 to 0.2 mg. of dust per cubic meter, 
a large portion of which is organic matter. In manufacturing towns it may reach 
a level of 2.0 mg. or more. The air within a modern air-conditioned building 
should not exceed 0.2 to 0.3 mg. per cubic meter, regardless of the concentration 
outside. In industrial establishments the dust concentration varies enormously ; 
it will be less than 1 mg. per cubic meter in a well-controlled plant and over 500 
mg. at the working face of a mine in which no dust-control measures are employed. 
An explosive concentration of a dust like wheat flour is about 20 to 30 gm. per 
cubic meter. A dustiness of this concentration is very unstable because the sus- 
pension settles rapidly; an explosion usually follows a disturbance that jars dust 
off rafters and other dust-catching surfaces so that momentarily an explosive con- 
centration exists. 


We are not on firm scientific ground in suggesting some of these values because 
they have been reached by converting particle counts to weight. As a matter of 
fact, the possible conversion error applies only to the small range from 10° to 10“ 
which takes in the common toxic contaminants like silica and lead. The conversion 
we used assumes that 0.1 mg. contains 5 million particles. 

The authors would welcome criticism of this chart. 


55 Shattuck St. 


From the Harvard School of Public Health. 
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Special Article 


PROPHYLACTIC ASPECTS OF THE MENTAL HEALTH OF 
THE PHYSICALLY DISABLED 


PREPARATORY COMMISSION OF THE WORLD FEDERATION FOR MENTAL HEALTH * 


PSYCHLOLOGICAL ASPECTS 


HERE is increasing awareness that the major problems of the physically 

handicapped are not only physical but social and psychological. In the United 
States alone there are some 26,000,000 physically handicapped individuals. Each 
year their ranks are swelled by approximately 350,000 civilians, not to mention the 
war casualties. In terms of sheer number the mental health of these people becomes 
of vast social importance. By implication, the mental health of all of those who come 
into close contact with, and have to do with the care of, the physically disabled also 
must be considered. One can thus see how broad an area of the population of any 
one nation can be attected by a mental-health program for the physically disabled. 


The physically handicapped could become more adequately adjusted to the defect 
itself were it not for the universal social attitudes which hold that if an individual 
looks different, he must be different; that if he is crippled physically, he must per- 
force have other disabilities. Throughout recorded history, in civilized and in primi- 
tive areas of the contemporary world, social attitudes are such that the physically 
handicapped are assumed to have a variety of other liabilities just because they are 
physically handicapped. They have at times been regarded as subnormal in intelli- 
gence or as psychopathic or pathological in mental functioning. In different societies 
they have been assigned a social status running the gamut from ovteast to dubious 
prestige, including ridicule and jesting. There are many prevailing social attitudes 
which reflect disay}proval, fear, superstition, and prejudices, sometimes manifested 
in overt, sometimes in disguised, forms of discrimination and hostility. 

Even in countries where positive attempts are undertaken to make the lot of the 
handicapped less difficult, the differences between the disabled and the nondisabled 


are still emphasized and play a large role in coloring the treatment program. In the 
United States, for example, where modern medical centers for the physically dis- 


Submitted for presentation at the Fourth International Congress on Mental Health, Mexico, 
December, 1951. 


*The members of the Commission are as follows: Theodora M. Abel, Ph.D., Postgraduate 


Center for Psychotherapy, chairman of Preparatory Commission; Kathleen Allen, National 
Foundation for Infantile Paralysis; Lauretta Bender, M.D., Bellevue Hospital; Gustav 
Bychowski, M.D., Institute for Crippled and Disabled; James F. Garrett, Ph.D., Institute of 
Physical Medicine and Rehabilitation; Morris Grayson, M.D., Institute of Physical Medicine and 
Rehabilitation; Merrill T. Hollinshead, Ph.D., Teachers College, Columbia University; W. Ray 
Keeler, M.D., Bellevue Hospital; Anne Lehman, New York State Employment Service; Louis 
Long, Ph.D., City College of New York; Frances C. Macgregor, M.A., New York University 
College of Medicine ; Emanuel K. Schwartz, Ph.D., D.S.S., Institute for Psychotherapy ; Morton 
Seidenfeld, Ph.D., National Foundation for Infantile Paralysis; Mildred Shriner, National 
Society tor Crippled Children. 
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abled and their rehabilitation are viewed with pride, in general, the disabled are 
assigned a marginal and minority status. They become, by virtue of their physical 
differences and limitations, underprivileged members of the community, like the 
Negroes and other racial and religious minorities. 

In the United States special significance is given to physical attractiveness, and 
movies, radio, press, and cosmetic industry have reenforced this value in an intensive 
fashion. Where a general bias for physical perfection exists, the individual who is 
visibly imperfect in body form has a double disadvantage. Not only is he unable to 
conform to the standards of what is considered physically acceptable, but he is also 
subject to a strong social tendency to attribute to his condition other qualities con- 
sidered socially nonacceptable. He may be stereotyped as the villain, or the gangster, 
or the one “who has led an immoral life.” 

Many of these social attitudes toward the handicapped tend to be utilized by the 
nonhandicapped to defend themselves against the recognition of their own impulses 
and feelings, particularly those of aggression and fear. They find it easier to project 
these characteristics onto individuals who seem to be different and are evaluated as 
inferior by the majority of the members of society. This phenomenon is related to 
the social psychological concept of the scapegoat as the object of projection. 

We must evaluate the variety and frequency of subtle and obvious, of direct and 
indirect manifestations of social disapproval of those who fail to meet the aesthetic 
standards of body form. These standards are defined by, and vary with, the par- 
ticular social group in which the disabled live. A program geared to the mental 
health of the physically handicapped must be based upon a cognizance of the psycho- 
social atmosphere in which handicapped and nonhandicapped are reared and to 
which they are exposed. 


INDIVIDUAL AND EMOTIONAL ASPECTS 

Within the over-all framework of the social environment, each physically handi- 
capped person has his own characteristic ways of adjusting to his deformity and to 
the society in which he lives. Many of his attitudes reflect the values his society 
places on deformity and which his parents have absorbed and transmitted to him 
directly or by implication. If he is disabled from birth, the parental attitudes toward 
him and toward his specific deformity will play a determining role in the molding 
of his personality structure. If he becomes handicapped at a later time, he will 
respond to his disability as he would to any frustration, trauma, or abuse, on the 
basis of the kind of personality structure he has, which will include attitudes and 
feelings toward deformity and ways of coping with physical damage which he has 
accumulated during his life history. 

The ways in which the individual handles his disabilities are determined by the 
usual adaptive mechanism he has developed to cope with the pressures exerted on 
him by the external world and the pressures he experiences from within himself. 
Handicapped individuals may develop a whole series of defenses against such feel- 
ings as anxiety, hostile impulses, and dependency needs which are to a great extent 
unconscious. In other words, disabled individuals have the same kind of problems 
that all people have. In addition, the disabled individuals have the realistic need to 
deal with difficulties similar to those that nonhandicapped people face who find 
themselves discriminated against and feel themselves to be different from their 
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fellow men. It is essential in planning to help the handicapped, to understand the 
typical ways in which anyone consciously and unconsciously struggles to maintain 
himself, the modalities in which he tries to maintain the integration of his ego, the 
mechanisms of defense he uses, and the manner in which these mechanisms of 
defense aid or impede the achievement of goals and objectives. 

The individual handicapped at birth builds up a personality structure into which 
the social attitudes toward his particular defect are incorporated in some fashion 
peculiar to him. He may accept the idea that he is different from others and respond 
to the pressures exerted upon him passively and complacently. He may appear to 
others to be overdependent. He may be nonaccepting of the social attitudes toward 
him and react negativistically and in a hostile manner, or he may be in conflict and 
remain unaware of the mechanism of repression, denial, reaction formation, and 
projection he is employing in his adaptations. 

A person who becomes disabled later in life as the result of trauma or disease 
reacts to his newly acquired difficulty as he would to any other marked change or 
threat to his personality integration. The characterological techniques he used to 
maintain functioning prior to his injury, he will now bring into play to deal with the 
injury. The injury in some cases enhances the defenses he has had. The individual 
who feel guilty about his actions and thoughts may feel even guiltier when he finds 
himself disabled. He may take the disability as a punishment for imagined “crime” 
or “sin” or real act he has committed. An individual who has strong dependency 
needs may make overwhelming demands to be cared for, after he becomes disabled. 
Other individuals who are in conflict about their own impulses and feelings may 
find the conflict greatly intensified after becoming disabled. In some individuals in 
whom the premorbid adaptation was poor and their defensive integration at best 
precarious, the physical disability may lead to total breakdown (psychosis). In yet 
other persons a newly acquired disability may help resolve some previous conflict. 
The disability can be used as secondary gain, for example, when it is accepted as a 
deserved punishment for some imagined crime, or as a legitimate excuse for wanting 
to be looked after. * 

The disabled individual has as realistically as possible to integrate himself into 
society whether it is rejecting or disorganized or not. The handicapped are part 
and parcel of the social group and have to live, work, and play as do other people. 
It is part of the task of workers in a mental-health program for the disabled to help 
each individual who is handicapped gain greater acceptance of himself and to have 
him integrate himself as successfully as possible into a segment of society. Although 
the social group may tend to shun him, it may shun him less if he himself feels able 
to cope with this rejection, offset it, and even overcome it realistically within the 
limitations of the situation. 


EDUCATIONAL ASPECTS 


Education is an important part of any prophylactic program directed to the 
mental health of the physically disabled. The educational problem has two aspects : 
(a) The aims, organization, curriculum, and methods must be founded on sound 
mental-hygiene principles; (b) the results of educational activities must be con- 
cretely and realistically useful to the physically disabled in bringing about a greater 
acceptance and fulfilment of himself. 
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The education of the physically disabled, like other forms of special education, 
has limited development and history. The interests and activities of educators as 
well as of the public are usually concerned with the education of the majority. The 
organization and administration as well as the content and methodology of a pro- 
gram of education for the physically disabled are rarely established upon carefully 
developed data gathered on the basis of a long-range objective study. Programs are 
more frequently the outcome of community fads, financial limitations, emergencies 
and crises, and the individual preference of the administrators of such programs. 

It is controversial whether the physically disabled should be segregated from 
the rest of the community for educational purposes. There are those who feel that 
segregation intensifies the feelings of “being different” and ultimately makes more 
difheult the physically disabled person's being absorbed into the total population. 
Others are equally convinced that segregation is the only realistic principle in for- 
mulating an educational program, for it permits better utilization of funds and 
facilities and is psychologically “more supportive” to the physically disabled. 

It would seem that no generalization is useful in this context. Where the choice 
between the segregated and the nonsegregated opportunity actually exists, the 
decision must always be made in terms of the present emotional development and 
needs of the disabled individual. Only by considering the relative advantages and 
disadvantages of the segregated and nonsegregated educational situation in relation 
to the specific human being involved can a determination be made. At different 
times in the psychological development of the physically disabled, different needs 
exist. The optimal educational program may be conceived as one in which segregated 
and nonsegregated situations are equally available and the movement between the 
two types of opportunities is free. 

The educational program for the physically disabled must be realistic, dynamic, 
and worth while to the physically disabled. The achievement of such an objective 
is possible if the community by education and demonstration is made to understand 
that the physically disabled are not second-class citizens. Of paramount importance 
is it that teachers of the physically disabled should be carefully selected on the basis 
of adequacy of training and positive attitude toward and interest in the physically 
disabled. Finally, the parents, where they are involved, must be helped in controlling 
their own emotional reactions to their disabled children so as not to traumatize 
them further. Parent education in practical as well as psychological matters is an 
integral part of a coordinated educational program for the disabled. 
VOCATIONAL ASPECTS 
Closely related to the social attitudes toward the disabled, already discussed, is 
the view that disability is to be looked upon as a deterrent to employment. In 
reality, many careful surveys have shown that this is not the fact, and two World 
Wars in which all who could were called upon to assume their place in industry, 
ought to have forever resolved this misconception. Unfortunately, relative peace 
and industrial retrenchment in post-war periods have usually resulted in a willing 
return to the same fallacious thinking and a decrease in the employment of disabled 
workers. 

Not all the gains have been lost, however, since there has been a moderate 
increase in the total number of the disabled who are employed and a growing will- 
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ingness on the part of some industries to consider the well-trained and suitably 
selected disabled individual for employment. 


In guiding the disabled into appropriate occupational fields the same general 


principles apply as apply to the guidance of the nondisabled. These decisions when 
properly made are based on the individual's vocational interests, his capacities, his 
trainability, and his readiness to carry on a realistic training program based on his 
positive abilities and not on his physical deficits. 

IXven more important than guidance and training is the necessity to place the 
disabled individual in a job which will be commensurate with what the employer 
stated are the job requirements and with the assessed capacity of the worker to meet 
those requirements. The employer must realize that he is not expected to make 
special plans or adaptations for the disabled worker. The latter can, when properly 
placed, render a full day’s work for a full day’s pay and will do so. When this is 
clearly understood by all, the place of the disabled worker becomes secure and his 
ego-satisfaction enhanced, for he realizes that he is “on his own” and not dependent 
upon anyone’s benevolence. 

Functionally such attainments can best be secured when the vocational orienta- 
tion of the disabled individual is looked upon as one of the essentials of his total 
rehabilitation process. While formal vocational training and planning may be delayed 
until the physical care and other elements of his treatment program are completed 
or at least well under way, the patient should be given to understand nevertheless 
that his vocational program is included in the over-all plan of treatment. In this 
way his fears and uncertainties relative to socioeconomic independence may be 
nunimized. 


GENERAL PROPHYLACTIC ASPECTS 


In conclusion, we should like to indicate two broad approaches to the mental- 
health program for the physically handicapped. 
The first approach is directed toward society. Emphasis needs to be placed upon 
guiding communities to accept and treat the handicapped as equals rather than as 
special members of society. There is, unfortunately, in the United States and in 
some other countries a well-meant but ill-advised movement to segregate disabled 
individuals in special schools and recreational projects, built at considerable expense 
to the community. For example, certain handicapped children who attend special 
tax-supported schools during the school year spend the summer in camps organized 
by voluntary agencies around their crippling or disability. These children are also 
offered other activities, such as circuses, ball games, and Christmas parties on the 
same basis. If these children happen to emerge as adults with a desire to go out 
and make their way in the world and lead satisfactory lives among the nonhandi- 
capped, this is a tribute to the resiliency of the human spirit and not to the present 
state of community thinking in relation to them. If communities directed a like 
amount of effort and very much less money into integrating rather than segregating 
the disabled individuals at a time when they are ready and can profit from their 
associations with the less physically involved individuals of their own age and 
interests, the emotional benefits to the handicapped would be very great. This does 
not mean that for some handicapped individuals, or for some period of time in the 
life history of particular handicapped individuals, segregated situations that meet 
their immediate requirements should not be provided. 
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The second approach is directed toward the individual. It attempts to keep the 
disabled person aware of the realistic aspects of his problems, of the limitations his 
disability may put on his adjustment to the world around him, and of the attitudes 
other people are likely to have toward his handicap. The primary gain to be expected 
from such a realistic orientation is the immediate recognition of the need for train- 
ing the disabled individual to accept his limitations as promptly as possible after 
his handicap sets in, or, if the disability is of long standing, as soon as he enters a 
rehabilitation program. Learning fully to accept his limitations includes also under- 
standing their effect upon society and developing a capacity to tolerate the conse- 
quences. The individual must learn to be able to go on toward his life goals with 
as realistic a frame of reference as possible. 

Other advantages will accrue from such a point of view. Wasting time in useless 
and pointless concepts about “general social acceptance” will be avoided. The indi- 
vidual will learn to appraise himself and his potentialities so that he may gain 
maximal values from them. When this is achieved, there is a much greater chance 
that his society will overlook his deficits and view him for his undisputed well- 


developed and well-utilized assets. Those handicapped individuals who are not ready 


to profit from such a straightforward approach, because of personality difficulties 
and severe emotional conflicts, will need a more intensive individual or group 
psychotherapeutic program. The goal for each individual should be greater self- 
security, freedom from frustration, and use of his ego strength to fullest advantage. 
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InpusTRIAL-MepicaL Aspects oF AGING. S. Cuartes Franco, J. A. M. A. 
(Dec. 1) 1951. 


The average life expectancy of 67'2 years of a worker today leaves a gap of some years 
between retirement and death which is bad for industry and bad for the worker. Two questions 
must therefore be answered: how to keep men approaching 65 in the industrial pool, and how 
to keep workers healthy so that they may work beyond 65. 

It is suggested that the case of each worker approaching 65 be reviewed on the basis of 
work efficiency and health grounds to determine whether he should retire. 

A long-range program might be initiated to answer the second question. This would involve 
rehabilitation of workers chronically disabled with heart disease, hemiplegia, arthritis, and tuber- 
culosis, so that their remaining capacities might be utilized. Administration could be by disability 
panel such as now decides whether a disabled worker can be placed on a job or whether he 
should retire. 

In addition, detection and prevention of disease would be important. Workers over 40 could 
be regularly examined, especially for cancer and diseases of the heart and arteries. Multi- 
phasic screening tests combined with outline health-history forms might be used to speed the 


examination and leave the physician time to give advice. Curzwent Yauta. Boston 


DEPENDENCE OF PRECISION PERFORMANCE ON WORKING Situation. W. Koecra and S. 
BARANDUN, Ztschr. Physiol. Mensch. b. Arbeit u. Sport 14:383 (May) 1951. 


In modefn industry in which most physical work is performed by gnachines, the worker 
serves not so much as a source of physical energy but as a controlling and steering mechanism. 
This shift in emphasis implies that the muscular function and its supporting factors, circulation, 
respiration, and temperature regulation, are now becoming less important than the precision 
motor and sensory functions and particularly the coordination capacity. 

Koella and Barandun decided to investigate the extent to which precision performance is 
influenced by body position and posture. In this report they describe studies designed to answer 
the question as to how certain body postures or positions influence (1) aimful hand movement 
carried out without optic control (precision of blind aim), (2) so-called estimation by sight, 
and (3) precision of a movement carried out under visual direction. It was found that blind- 
aiming precision is considerably reduced if the movement is carried out in the erect posture 
and horizontally forward while the position of the head is not normal, but the head is bent 
backward and movement is vertically upward. Precision is likewise lessened when the workman 
has to do his work while lying on the back. 

Change in posture also influences the estimation by sight. The defect in the elevation of the 
parallelism of two beams is greater if the sight is directed upward in the erect posture than 
when vision is directed straight forward. 

In a third series of experiments it was demonstrated that the movement carried out under 
visual control also suffers impairment of precision if the workman is standing erect and has to 
do a “piece of work” overhead; at any rate, precision is much less than if vision and the arm 
movement are straight ahead. 

Discussing the factors which might play a part in this modification of the motor and sensory 
precision performances, the authors suggest that influences exerted by the proprioceptors and 
the vestibular apparatus are probably of primary importance. 
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Occupational Diseases and Hazards 


Grycor Toxticrry. Perer SyKowsk1, Am. J. Ophth. 34:1599 (Nov.) 1951. 

This pay yorts tl of a gasoline station attendant whose eye had been splashed 
with concentrated ethylene glycol. The patient showed acute iridocyclitis in addition to ocular 
irritation \tropinization and application of hot compresses cleared the eye in a month, with 


no evider Mary O. Ampur, Boston. 


DERMATOLUG! AMONG PHarMaceuticat Workers. J. E. Darton and J. D. 

\. Arch. Dermat. & Syph. 64:667 (Dec.) 1951. 

It is widely believed that the incidence of occupational dermatoses is high in the pharma- 
ceutical industry, because workers in this field are necessarily and intimately exposed to a 
number of agents which can be primary irritants or sensitizers of the skin 

One of the authors of this paper had the opportunity to see most of the dermatological 
problems which were referred for private consultation by a leading drug manufacturer. The 


other author was head of the department of industrial medicine of a pharmaceutical company 


which had two plants with a total of 5.514 employees, of whom 1,379 were office workers and 
4,135 were engaged in production 

Phe plant physician had made patch tests for work contactants in 322 cases, and in 43 of these 
there were positive reactions, all ruled occupational by the dispensaries. The distribution of these 
positive reactions to work contactants was as follows: penicillin, 28; thiamine hydrochloride, 
9; mercurial antiseptic, 2; barbiturates, 2; acetylsalicylic acid, 1, and streptomycin, 1. Penicillin, 
it will be noted, elicited a far larger number of positive reactions than streptomycin did. A 
similar finding was shown in patients who were referred for dermatological advice 

Phe dermatoses which were referred to an outside dermatologist for his opinion concerned 
91 different persons who presented themselves in 98 separate episodes with reactions to 126 
ditferent substances. Disorders of nonoccupational origin accounted for 75% of the cases referred 
to the outside dermatologist. Twenty-two workers who were seen in 24 episodes of dermatologic 
lesions were found to have occupational dermatitis. Nineteen of these 22 patients were persons 
Who showed single or multiple positive patch responses to substances which were either handled 
in their working area or applied in the plant dispensary. There were three patients with derma- 
titis venenata arising trom medical-service therapy; in two of them the dermatitis was due to 
topical use of an antihistaminic-anesthetic preparation and in the third it resulted from local 
painting with a mercurial liquid. In the remaining 3 of the 22 patients believed to have occu 
pational dermatitis, sensitivity studies were not indicated, as one of them had a_ cellulitis 
following trauma, another an erythema solare due to a closely placed ultraviolet ray bench-light, 
which was banned, and the third a keloid resulting from a violent patch-test reaction. Thus, 
6 of 22 listings do not truly belong under the heading of industrial dermatitis. 

Records of all those who showed a work-associated skin ailment were analyzed to see if any 
fixed incubation period preceded the development of their sensitivities. Among employees 
working with antibiotics, it seemed that those in contact with penicillin were at their occupation 
longer before a reaction developed than were those handling streptomycin. Yet there were fewer 
sensitized to streptomycin than to penicillin. Likewise, employees who worked with chemical 
agents showed a great variability in the time elapsing between their initial contact with an 
offending agent and the onset of skin symptoms 

In all but three cases the eruptions were limited solely to exposed areas of the skin. No 
worker had to leave employment because of dermatitis. 


OccCUPATIONAL AND INDUSTRIAL DERMATOSES: STATISTICAL AND ANALYTIC SURVEY OF 3,042 
M. James and J. BLerpercG, J. M. Soc. New Jersey 48:448 (Oct.) 1951. 

James and Bleiberg analyzed the records of 3,042 patients who presented themselves with 
dermatoses allegedly the result of occupational or industrial contacts. The diagnosis was arrived 
at on the basts of the history and the physical examination. Where indicated, patch tests were 
used. In many cases the place of employment was visited, and where not enough information 
was available trom the patient or the employer as to the exact nature of the alleged offending 
substances, the manutacturer of that substance was asked for further information. Where doubt 
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existed as to the occupational origin, the patient was usually given the benefit of the doubt 


However, the authors saw cases of chicken pox, dermatosis papulosa nigra, scabies, erythema 
multiforme, lichen planus, secondary syphilis, lichen chronicus simplex (neurodermatitis circum- 
scripta), pityriasis rosea, erythrasma, arsenical keratoses, balanitis diabetica, and sarcoidosis 
treated as “occupational.” 

The patients with skin lesions of real occupational origin were classified in relation to the 
following etiological groups: (1) primary irritants; (2) sensitizers; (3) trauma; (4) wet work; 
(5) cleaners; (6) petroleum products and chlorinated petroleum derivatives; (7) physical agents ; 
(8) infections, primary and secondary; (9) a miscellaneous group which was predominantly 
either physical or traumatic in origin but which included unusual cases such as beryllium 
granuloma, skin cancers, traumatic herpes zoster, lupus erythematosus, occupational vitiligo, 
and parasitic infestations. 

The lesions produced by primary irritants ranged from mild erythema to widespread exfoli- 
ative dermatitis. Once the authors were called on to survey a chocolate factory where over 80% 
of the workers were complaining of dermatitis and urticaria. Studies showed that a type of 
grass-fiber bag in which the crude chocolate was shipped from South America was the respons- 
ible sensitizer. The authors also mention dermatitis involving entire gangs of longshoremen who 
had been unloading drums of cashew-nut oil; also the increased frequency with which pharma- 
ceutical workers, physicians, dentists, and nurses are becoming sensitized to antibiotics. 


Trauma from glass wool used in insulation caused many cases of pruritus, as well as foreign- 


body abscesses and furunculosis. Wet work caused lesions particularly in those with atopic 


histories. The dermatoses caused by petroleum products and solvents were simple erythema, j 
vesicular bullous eruption, eczematous dermatitis, generalized exfoliative dermatitis, comedones, ' 
aene, follicular infections, abscesses, keratoses, epitheliomas, melanoses, depigmentations, multiple } 


sebaceous cysts, atrophy, and telangiectasia. The increased number of workers exposed to radi- 
ation hazards deserves attention. 

The occupational infections seen included: tuberculosis, yeast infections, tinea profunda, 
Madura foot, anthrax, erysipeloid, and brucellosis. The secondary infections seen were produced 
by a wide variety of organisms and were usually superimposed on traumatized areas of skin. 

Occupational dermatoses are frequently superimposed on preexisting skin diseases. and such 
cases often lead to complicated litigation, The authors cite recent amendments to the New Jersey 
Compensation Act. 


Preemployment examinations should, if possible, screen out persons with dermatoses likely 
to become aggravated by contact with certain substances. Cleanliness of environment lessens 
industrial exposure. Education of the workers in regard to work hazards has substantially 
reduced the number of cases of dermatoses wherever it has been tried 

Many cases of severe dermatitis were found to result from overtreatment or from treating 
minor abrasions with sensitizers. Antibiotic ointments (penicillin) and chemotherapeutic oint- 
ments (sulfonamides) frequently increase the period of disability 


Cuemicar (BERYLLIUM) GRANULOMAS OF SKIN. E. 
1951. 


B. Hetwia, Mil. Surgeon 109:540 (Oct.) 


Ten examples of chemical (beryllium) granuloma of the skin recorded at the Armed Forces 
Institute of Pathology are included in this report. Nine lesions occurred in patients injured 
accidentally by broken fluorescent lamps; one, in a worker injured by a cold cathode tube of 
a neon sign. 


The lesions were so similar in microscopic appearance that only those of cases 1 and 2 are 
described in detail. Granulomatous lesions from patients without a clinical history of beryllium 
exposure were studied to determine points of likeness and difference. The tissue response to the 


injury caused by beryllium-containing fluorescent lamps is a biphasic reaction characterized by 
granulomas composed of epithelioid cells and by necrobiosis represented by acidophilic anuclear 
tissue. Although either of these two changes may occur singly in a variety of granulomas, the 
combination of the two is strong presumptive evidence of chemical granuloma. The manner in 
which the granulomas and the necrobiotic foci are distributed in the tissue suggests that the 
latter occur secondarily. Necrobiosis is usually seen at the base of the dermal ulcers and is 
probably the cause of the ulceration. Clinically the lesions are characterized by slow healing and 
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a tendency toward breakdown of the scar with discharge of a semisolid material, probably 


originating trom the foci of necrobiosis. The prognosis as regards development and recurrence 
of chemical granuloma is poor unless a wide excision to include all the affected tissue is carried 
out. The pathogenesis of chemical granulomas has not been established, but evidence indicates 


that elements other than beryllium must also be present. 


NONMETALLIC ToxicoLocicaL Hazarps: SOME OF THE NEWER CoMPoUNDS IN INDUSTRY. 


H. Tayror, Brit. M. Bull. 7:15-18, 1950. 


The properties of ethyl silicates, silicones, fluorine compounds, monomers, and ketene are 
described and their toxic effects are reviewed. Thirteen references are given 


A. 


Dietz [CHem. Apst.]. 


Hazarps From Insecticipes. J. M. Barnes, Brit. M. Bull. 7:23-27, 1950. 


The toxic properties of tetraethyl pyrophosphate, parathion, pyrophosphoric tetrakisdimethyl- 
' amide, 4,6-dinitro-o-cresol, DDT, and y-CeHsCls are discussed. 


A. Dietz [Chem. Abst.]. 


CrHrontc Mercury Porsontnc MEN RepatRING Direct-CURRENT Meters. P. LESLEY 
Bipstrep, M. B. Aperaipe, J. A. Bonnett, D. G. Harvey, and S. Locket, Lancet 
2:856 (Nov. 10) 1951 


Phe incidence of chronic mercury poisoning in men repairing direct-current meters in the 
London area was investigated. The number of men considered to be at risk was 196. Of these, 


A 16] were examined, 103 of them being employed on repairing direct-current meters. Thirty-five 
: retused to take part in the investigation. Symptoms or signs of chronic mercury poisoning were 
found in 27 men, all of whom were engaged in repairing such meters (5 cases are described). 
e No case of chrome mercury poisoning was detected among 58 men employed on the testing 
of meters or the repair of alternating-current meters. 
i In doubttul cases the diagnosis was confirmed by estimating the amount of mercury excreted 
| : in the urine in 24 hours. The excretion of more than 300 7. of mercury in this time was usually 
fl accompanied by symptoms of signs of chronic mercury poisoning which in some cases had been 


attributed to neurosis 


Che atmospheric concentration of mercury was estimated under both summer and winter 


conditions of ventilation mn all the workshops. It was much higher during the winter months, 


| except Where exhaust ventilation had been installed. The incidence of mercury poisoning varied 
according to the concentration of mercury in the working atmosphere. 


iy Simple measures for the prevention of mercury poisoning in this industry are described. 


\ Survey or tHe Granite INDUSTRY IN ABERDEEN WITH REFERENCE TO SILICOSIS. 


Mair, Edinburgh M. J. §8:457 (Oct.) 1951. 


A. 


In the 


\berdeen granite industry the dread of silicosis has assumed quite sinister propor- 
tions. Employers could not obtain sufficient workers, and parents did not want their boys to 
commence a trade which, so they believed, would inevitably lead to an early death from “mason’s 


disease.” It was against this background of fear that Mair, in 1948, initiated his survey in an 


attempt to clarity this social and medical problem. The majority of Aberdeen firms confine 


themselves to the making of tombstones, but some of the larger firms make glazed shop fronts 


or decorative work for large institutional buildings. Then there is the production of massive 
granite columns or rollers, used in the manufacture of paper, paint and chocolate. 


The granite blocks are leveled or “dunted” by a pneumatic multitoothed tool or hammer. 


The stone is cut into several parallel slabs by use of a circular carborundum saw—a wet process. 
Subsequently, the headstone is hewn more accurately into rectangular shape by a “squarer” 
using hand hammer and chisel, while the finishing touches and rough carving around the 


perimeter of the monument are completed by a “finisher.” The latter uses a pneumatic chisel or 
occasionally a small mechanical multitoothed hammer, creating an excessive amount of fine 
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dust. Letter cutting is also generally done by a very fine pneumatic chisel. The slab is brought 
to a high degree of polish by huge rotating mechanical discs operated by “polishers.” This is 
a wet process and carried out in separate sheds comparatively free of dust. 

Of approximately 1,500 men in the monumental yards, 521 were employed in some capacity 
involving a known dust hazard, and 510 of these submitted themselves for x-ray examination. 
Of these, 56 showed roentgenological evidence of silicosis, but in 35 of these the silicosis was 
of a minor degree, without noticeable signs and symptoms. Silicosis severe enough to entitle 
the worker to receive disablement benefit was found in only 11 men. 


The mean ages of the workers with the four inc reasing degrees of roentgenological silicosis 
were 53.7, 59.4, 63.2, and 65.4 years, respectively, while the corresponding mean “dust years” 
necessary to produce these lung changes were 32, 38, 40, and 42. 

The findings in both men at work and those retired reveal that while silicosis exists to a 
moderate extent, it commences so late in life and appears to progress so slowly that in all 
probability many stonecutters live to comparative old age and die of other diseases common to 
this age period without symptoms of a serious respiratory nature ever manifesting themselves 
as silicosis. 

The extent of tuberculosis in the men at work was found to be no higher than one would 
expect in the community at large 

The hypothesis is put forward that the high number of deaths among stonecutters in Aberdeen 
during the eary part of the century, and registered as due to “phthisis,” were actually due to 
tuberculosis and not to silicosis alone or silicosis complicated by tuberculosis 


OccupaTIONAL Leap Hazarp IN Setect INDIAN INDUSTRIES. M. K CHAKRABORTY, M. N. 
Rao, and B. Banerjr, Indian J. M. Res. 38:429-456. 1950 


The authors are members of the All-India Institute of Hygiene and Public Health, Calcutta. 
They made clinical, hematological, and biochemical examinations in 189 cases of lead hazard 
(printing and soldering plants). None of the workers presented frank pathological evidence of 
lead poisoning, but 40% revealed pathological absorption of lead. Air samples were also analyzed. 


From Cuem. Asst. 


OccuPATIONAL DERMATOSES AND THE Swiss AccIDENT INSURANCE INSTITUTE M. WINKLER, 
Dermatologica 103:183, 1951, 


Winkler served as a consultant for the Swiss Accident Insurance Institute in compensation 
cases arising in connection with occupational dermatoses. He also had access to the records of 
that institute, and he reviews 123 cases that were passed on by the institute during the last 15 
years. In 22 patients (18%) the occupational origin was legally recognized and full compensation 
was granted; 67 patients (54.4%) were voluntarily accepted; that is, they received the same 
privileges as those whose cases were legally accepted (fees for physicans, medicines, and reim- 
bursement for lost pay) except that here recurrences did not have to be completely paid for. 
The rest of the claimants either were given a partial settlement (5) or were not accepted (29). 
The author briefly discusses the various causes of occupational eczema with some references 
to the so-called poison list. 


PNEUMOcONIOSIS DUE TO WELDING BY ELectRIC Arc. V. and A. 


PASSERI, 
Rass. Med. Indust. 19:276-280 (Nov.-Dec.) 1950 


In this method of welding, the electrodes reach temperatures which are far higher than the 
melting or boiling points of the metals involved. The resulting fumes contain metallic oxides, 
and their particles are small enough to reach the lung alveoli in aerosol form, Iron oxide may 
constitute 50 to 97% of the fumes, manganese oxide 5 to 25%, oxides of silica 1.4 to 14%, and 
oxides of calcium, magnesium, copper, aluminum, and other metals may be present in 
amounts. 


smaller 


A number of electric welders employed in shipyards showed evidence of pneumoconiosis when 
examined about four years ago, and eight of these have now been reexamined. Six had worked 


at the job for 15 to 20 years and had been continuously exposed to risk. In the case of the 
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had not been so continuous and conditions of work not quite 
years, though they had been electric welders for 16 to 18 years. 
tat the pathological changes had made no appreciable progress 
lapsed since the previous medical examination and it is concluded 
wuld seem to be of a benign, nonsclerotic type 


J. Cavent Hya.]. 
Ixpustry. G. Prosvert, Rass. med. indust. 19: 281-287 


medical record cards filled in the course of the medical examination 


be carried out every other month for compositors and others 


His conclusions are as follows: 1. The risk of lead poisoning 
‘as steadily diminished, and is now slight, thanks to the control measures 

have been enforced, more especially by law 
ol measures must be carefully continued, and the smaller printing businesses 
t be overlooked in enforcing the law; the risk is sure to reappear if control is in any 
re d 
Phere is evidence that workmen in the printing industry show some increased liability to 


ordinary diseases, but the relation of this to the lead hazard, if any, has not been adequately 


Investigated 


4. A comprehensive national scheme for insurmg workmen against occupational accidents 


and diseases is advocated to meet the existing need of a much wider application of industrial 
medicine, p tion and medwal welfare. > 


TUBERCULOSIS AS AN OccUPATIONAL DISEASE OF PHYSICIANS AND PARTICULARLY OF 
PATHOLOGIST O. Kocn, Tuberkulosearzt 5:498 (Sept.) 1951. 


That there is a high incidence of tuberculosis among pathologists and their technical assistants 

Il known tact Phere have been various attempts to explain the increased incidence 
accumulated bacteria in the dust of the rooms in which necropsies are per- 
used for the dusting of gloves. Infection due to careless work and 
<< has been suggested likewise. Koch believes that inhalation of dust or inunction due 


liness may elicit the disease but does not explain the fact that the incidence of tuber- 
culosis is higher among pathologists than among phthisiologists and bacteriologists. 

Phe author's study of formaldehyde solutions in which organs removed from tuberculosis 
cadavers were stored for various periods revealed a concentration ¢ 
corresponding to a 1:50 solution of old tuberculin 


concentration | 


4 tuberculin-like substances 
This represents a considerable tuberculin 
severe cutaneous reactions occurred in the author when he used such solutions 
for a Pirquet test on himselt 

Phe contact of unprotected skin with fixed tuberculous necropsy tissues thus is tantamount 


to an inunection of various intensity with considerable tuberculin concentration. The time of 


action is in general too short and the absorption capacity of the skin of the fingers too small, 
but there remains as the main fact the constantly repeated minimal tuberculinization. This may 


have a desensitizing or a sensitizing effect on the person who comes in contact with the necropsy 
material Endogenous reinfection may occur, and there may be either a local progressive 


development of an exacerbated focus or a lymphohematogenous dissemination of variable extent, 


density, and localization. Thus the tuberculous 0x cupational disease of the pathologist is not 


necessarily pulmonary 


Phis concept of the significance of exposure and sensitization for the physician and particu- 
larly for the patholog: 


st with respect to the risk of tuberculosis fits in with the fact that the 
initial aspect of the disease in the pathologist does not differ from that in adult patients with 
endogenous tuberculous reinfection, and that the prognosis is a favorable one, since this is an 
“experimentally inoculated tuberculosis.” 
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CuHroNic TRICHLOROETHYLENE Porsoninc. V. Lacunir and W. Rankt, Ztschr. Unfallmed. 


u. Berutskrankh. 334-341 15) 


(Dee 1950 


Trichloroethylene, CHC1-CCl,, is widely used in industry as a solvent, for degreasing, and 


as a disinfectant, and in the chemical industry, yet its toxicity is underestimated by workers 


and even by physicians. Acute poisoning, which is relatively infrequent, is seldom missed, but 


the chronic effects, which vary much with individuals, are even more important. The authors 


have studied the problem presented by the lack of a simple routine quantitative method of testing 


for trichloroethylene or its decomposition products in the blood or the urine 


Phe neurological examination appeared to be important: psychic symptoms of a prenarcotic 


effect and the reactions of the sympathetic system, with headache, sweating, giddiness, tinnitus. 


and gastrointestinal upset, often occurred. Symptoms in the peripheral sensory nerves have also 


been noted, paresthesiae, especially in the trigeminal area, and other signs of slight neuritis, and 


occasionally weakness of the ocular muscles. In cases of acute poisoning, external strabismus 


was present, thought to be due to neuritis of the oculomotor nerves: no evidence of injury of 


liver, blood or bone marrow was found in this patient. In many individuals there are variations 


of euphoria. Intolerance of alcohol among those exposed to trichloroethvlene is well known 


Many workers give a history of sleeping unusually well after exposure to. trichloroethylene 


and of finding sleep difficult at week-ends ; this symptom should be taken as a sign of the narcotic 


action of trichloroethylene, and the worker should be removed from exposure, at least for a time 


No significant changes in the blood cells or the marrow were found in these patients; fragility 


of the erythrocytes was not increased; serum bilirubin was under 0.6 me per 100 ce. in all 


those examined. Seven workers were examined by estimation of serum bilirubin and of galactose, 


and Weltmann, cadmium and thymol tests; these showed a pathological deficiency. Slight 


impairment of liver function becomes apparent in conditions such as alcoholism. infectious disease, 


undernourishment or the administration of many drugs, such as sulfonamides. The development 
of true liver cirrhosis is possible. F 


Supervision is especially necessary at industrial processes where the open use of trichloro- 
ethylene cannot be prohibited. With prolonged exposure trichloroethylene showed the charac- 


teristics of a liver poison; these can be detected only by using exact chemical examination and 


applying a series of tests for liver function: neurological symptoms are important in. sligat i 
degrees of intoxi ation. 


KEK. L. Hye.] 


A Cast or Potsontnc sy Totvor. M. Proyarp, Arch. belges med. sociale, hyg. 9:8-13 
(Jan.) 1951. 


The interest in the case reported centers on the porsoning being attributed definitely t 


) 


toluol, as apart from benzol orxylol; furthermore, electrocardiograms were taken. The case 
is that of a woman employed at a rubber factory where the use of benzol had been discontinued 
in favor of the less toxic toluol; the change had been made before she began work. After six 
months she experienced asthenia and lassitude and came under observation with pronounced 
anemia. Hemoglobin was only 49% ; there were 2,800,000 red cells per cubic millimeter, and 2,400 
white cells. There were anisocytosis and pronounced poikilocytosis 


Her anemic condition was 
carefully examined without any abnormal manifestations being disclosed. Under treatment the 


condition steadily improved. The electrocardiogram resembled that observed after severe hemor- 
rhage or poisoning with digitalis, but the tracing, like the general condition, changed to normal 
after a few months. Nothing, indeed, was found to distinguish the case from pure anemia not of 
toxic origin. The working exposure was the only thing to cause the 


case to be attributed to 
toluol poisoning. No information is given as to the concentration of toluol fumes present in the 
work-place. 


E. L. Hye.]. 


PRECAUTIONS TO BE OBSERVED IN THE INDUSTRIAL USE oF BENZENE; BENZOLS, 


SENZINE, 
AND THetk Homorocs. F. BartLvet, Rev. Indust. Textile Belge 13:21-24, 1949. 


Nomenclature of the compounds is discussed and their occurrenc €, toxicology, and the pro- 
phylactic measures necessary in their industrial applications are described. Notes on the ex- 
plosive limits and their disposal in effluents are given 


Cuem. Asst. 
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Skin Diseases Causep BY PHENOTHIAZINE (THIODIPHENILAMINE). MIROSLAV FLEISCH- 
HACKER, Arhiv za Hig. Rada 2:303, 1951. 


Dermatitis occurred in four patients who had worked on the tableting of phenothiazine. Acute 
dermatitis developed on the exposed parts of the body. Desquamation (exfoliation) developed 
in all cases. Two patients displayed a characteristic red coloring of the nails, and one patient 
ruddy hair coloring. 

The toxicology of phenothiazine is briefly reviewed, especially in connection with skin mani- 
festations. 


Srticosis A CHROMITE MINE AND Its Propuytaxis. (In Russian.) Z. M. ANDRIEVSKAYA 
and M. M. Mistavskaya, Gigiena i Sanit., May, 1949, pp. 28-30. 


The Saranoy chromite mine has been in operation for 70 years. For a long time it was 
an open mine but a shaft was sunk in 1942 to a depth of 60 meters, and underground working 
has continued since then. Among other minerals, the chromite ore contains 4 to 13% of silica, 
and lies in strata the silica content of which varies from 35 to 48%. Until recently the ore was 
extracted by dry drilling, and the air of the mine was found to contain up to 550 mg. of dust 
per cubic meter, 75% of which consisted of particles less than 2 # in diameter. An examination 
was made of 52 miners who had worked in the mine for up to 17 years; 35 complained of dyspnea 
on exertion, 26 of cough with slight sputum, 24 of joint pains, and 25 of gastritis. On x-ray 
examination increased hilar shadows were found in 17 and silicotic nodules in 4 persons; in 15 
the vital capacity was less than 3 liters. Lymphocytosis was found in 32 and eosinophilia of 
§ to 15% in 11. Dust cells were present in the sputum in large numbers. First-stage silicosis 
was present in 17, incipient second-stage in 6, and third- and fourth-stage in 4 miners; all of 
these had worked in the mine for 6 to 17 years. No case of tuberculosis was seen. The results 
of the investigation indicate that silicosis can arise in work with ores of relatively low silica 
content. In 1948 wet drilling was introduced, and the dust content of the air fell to 4 mg. per 
cubic meter. The wet working conditions present an additional industrial health problem, 
however, as temperatures in winter fall nearly to zero on account of the shallowness of the 


mine, and the process is thus not really suitable for use in the conditions obtaining in the Urals. 


D. J. BAvER [BuLt. Hye.]. 


Industrial Toxicology 
Some Aspects oF BeryLiiosis. HERMAN BEERMAN, Am. J. M. Sc. 221:462-469, 1951. 


This is a review with 81 references on the clinical syndrome produced by Be compounds, the 
mode of action of the poisoning, its prevention and treatment, and its relation to sarcoidosis. 


Marion Horn Peskin [Cuem. Asst.]. 


MicROPHOTOMETRIC DETERMINATION OF CARBOXYHEMOGLOBIN IN Brioop. H. B. Satt, 
Analyst 76: 344-347, 1951. 


The content of carboxyhemoglobin (HbCO) in the presence of oxyhemoglobin (HbO,) in 
blood can be determined with a photoelectric absorptiometer with a narrow band of light trans- 
mitted at GO ma. The HbO. is measured in terms of the extinction increment caused by 
treatment with NaoS.O,; the HbCO is not changed by NasS-Oy. According to the nature of the 
blood, take 0.1-0.4 ml. of blood and mix with 0.007-N NH.OH to a volume of 12.0 ml. Divide 
into two equal portions, transfer one of them to an optical cell, and determine the extinction 
value at 1.0 cm. optical depth. Add a little solid NasS.Oy, mix, and determine the extinction 
value of the reduced blood. Pass O through the other portion of diluted blood to convert all 


the pigment into HbO. Determine HbO: as above. From these values the original content 
of HbCO can be easily calculated. 


As little as 4% of HbCO can be detected, and higher values 


can be determined within + 2.5%. 


W. T. [Cuem. Apsst.]. 
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Heattn Hazarps AssociaATED witH Use oF AIRPLANES FOR DustInG Crops WITH 
Paratuion. F. R. InGram, Indust. Hyg. Quart. 12:165 (Dec.) 1951. 


Aircraft are now being widely used for the dusting of crops with parathion, and cases of 
illness of pilots are being reported. Ingram describes a study made among pilots engaged 
in loading and dusting a mixture of parathion, DDT, and a sulfur insecticide. Continuous air 
samples were collected at breathing zone with midget impingers, using ethyl alcohol. The 
parathion concentration was determined by the Averill spectrophotometric method of analysts. 
As the pilots wore respirators, the figures obtained represent potential exposures only. 

Plasma cholinesterase activity levels were determined at 14-day intervals. A continual 
decrease of this activity appears to indicate absorption of parathion, even though symptoms may 
be absent. An appreciable drop in activity is considered justification for recommending temporary 
change of work until the original level is again achieved. The difficulties encountered in these 
tests are briefly described. 

Repeated exposure to very small doses of parathion may build up a systemic condition in 
which a further small dose will cause severe symptoms. Individual exposure must therefore 
be kept to an absolute minimum, and, to this end, recommendations are made as to protective 
clothing to be worn and precautions to be taken during loading and dusting operations. 


Davip FE. Hicktsu, Boston. 


Current Metuop or DETERMINING SAFETY IN THE APPLICATION OF NEW CHEMICALS. 
Tuomas W. Nate, Indust. Med. 20:501 (Nov.) 1951. 


To obtain information by which to predict the acute injury that may occur through various 
routes of exposure with a new chemical, the following range-findings tests are performed: 

The single-dose oral toxicity—L. D.w. in terms of grams per kilogram of body weight—is 
determined in rats, with the customary assumption of man’s 10 times greater sensitivity. A 
30-day subacute oral toxicity study is made in rats, providing evidence of cumulative effects, 
organ specificity, and some criteria of chronic toxicity. The L. Dw» for skin absorption 
(mg./Kg. body weight) is determined in rats, and skin irritation, skin sensitization and eye 
injury are investigated in guinea pigs. An estimation of inhalation hazards is made by exposing 
rats to known concentrations of the vapors 

The toxicological information obtained must be made available to the consumer in proper 
warning labels enabling an understanding of the degree and the type of toxicity of the chemical. 


FARROKH Satpt, Boston 


CrintcaAL Expertences with Exposures to Eruytene Amines. Cart U. DERNERL, 
Indust. Med. 20:541 (Dec.) 1951. 


Fourteen cases of dermatitis caused by ethylene amines are presented. Twelve of these 
cases occurred among 35 operating personnel, an incidence of 34.1% among those exposed. Five 
of these men continued work at the amines unit. Three operators required transfer. Two 
maintenance men in whom dermatitis developed also had to be transferred to a different area. 
One case of chronic recurrent headache suggestive of migraine and three cases of asthma 
initiated by inhalation of amines are also presented. Two of the asthmatic patients and the 
patient with recurrent headache required transfer. The third asthmatic patient was cleared 
by controlling the amine vapor content of the air of a laboratory in which he worked. 

The conclusions are: 

1. Ethylene amines can be an important causative agent of industrial dermatitis. 

2. The evidence suggests that both irritative and allergic phenomena are active. 

3. Prompt removal of the chemicals is an effective protective measure, as shown by the fact 
that nine men continued to work at the amines unit without major difficulty. 


4. In most instances a normal healing response can be expected after thermal burns with liquid 
ethylene amines. 
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5. Kthylene amines can have an allergenic effect upon the respiratory tract of susceptible 
ndividuals 

fr, One case of headache precipitated by inhalation of amines vapors may have been due to 


individual sensitivity to this material — 
ADAPTATION OF AUTHOR'S SUMMARY. 


Poxre Errects Tecunxicat Benzene HeEXACHLORIDE AND Its Principat IsoMERS: REPORT 
ro THE Counci. oN PHARMACY AND Cuemistry, J. A. M. A. 147:571-574 (Oct. 6) 1951. 


Phe Committee on Pesticides reviews the pharmacology and toxicology of technical benzene 


hexachloride (BHC) and its isomers. The pharmacological action of the compound is a 
stimulation of the central nervous system producing hyperirritability, lack of muscular coordi- 
nation, convulsions, and death. Absorption is by way of the gastrointestinal tract, the respiratory 


tract, and the skin. The presence of fats greatly facilitates absorption. Storage is greatest in the 
lat tissues, but significant amounts are deposited in the liver and the kidneys. The toxic effect 


is thought to manifest itself when the compound comes into contact with other tissues during 


transport to and trom the fat depots. However, little is known concerning the metabolic fate of 
the substance 


roits mfluence on enzyme systems 


Technical benzene hexachloride is about equal to chlorophenothane U.S. P. (DDT) in acute 
toxicity to man, with the gamma isomer as the most toxic fraction. The chronic toxicity 1s 
thought to be about halt that of DDT. There is a direct correlation between the storage of 
various isomers in fat tissue and their ability to cause chronic poisoning. In chronic intoxication 
the beta tsomer plays the most important role, since it is stored in the fat tissues longest and 
is the least easily destroyed by the body. The gamma isomer 1s thought to be about one-quarter 
as poisonous because of minimal storage, rapid elimination, and decreased disposition to damage 
the tissue 

Phe oral toxicity of benzene hexachloride is of a relatively low order. There is a high 
dermal toxicity of both oily and aqueous suspensions of the compound. It is a moderate skin 
irritant without demonstrated sensitizing properties. Studies have revealed that the vapor and 
dust hazards from the technical compound may be low. Nevertheless, the customary precautions 
against prolonged or excessive inhalation of vapors and dusts should be observed and more taken 


| 
| spravs are used 


when o1 

Clinical reports of human poisonings from the use of technical benzene hexachloride have 
been comparatively infrequent in the United States. Two suspected but unconfirmed fatalities 
have been reported. In Argentina the occupational dermatitis of workmen exposed to the 
technical compound is claimed to have reached as high as 25%. The incidence soon decreased 
when prophylactic measures were introduced. The disorders in most instances were of short 
duration and disappeared without sequels. 

Diagnosis of benzene hexachloride poisoning should be based mainly on a history of exposure. 
Phere is no specific antidote. Treatment should consist of prompt gastric lavage with a saline 
solution and administration of phenobarbital to combat the toxic effects on the central nervous 
system. After subsidence of the acute state, a fat-free diet and treatment for liver and kidney 


lamage are advocatec CLEMENT YAHIA, Boston. 


INDUSTRIAL FLUOROSIS. MARGARET M. Murray, Brit. M. Bull. 7:87-89, 1950. 


The toxicity of fluorine compounds and their effects on man and animals are discussed. 
The amount of fluorine in the urine is an index of the exposure. 


A. Dierz [CHem. Asst.]. 


py SOME OBSERVATIONS ON THE EFFECTS OF DINITRO- 
ADMINISTERED BY MoutH TO HUMAN Votunteers. D. G. Harvey, P. L. 
Binstrup, and J. A. L. Bonnet, Brit. M. J. 2:13 (July 7) 1951. 


Five male volunteers were given 75 mg. of pure dinitro-orthocresol in gelatin capsules by 
mouth daily tor tive or seven days. During the period of dosing, the level of dinitro-orthocresol 
in the blood of the volunteers was estimated 30 minutes before the administration of 75 mg. of 
the cresol compound and at intervals ot one, two, tour, and six hours after. Subsequent 
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estimations were made at 24-hour intervals for 12 days and at gradually increasing intervals of 
time until the last examination of blood for dinitro-orthocresol 40 days after the final dose. For 
14 days all the urine passed by each volunteer was collected, and the dinitro-orthocresol excreted 
in the urine in every 24-hour period was determined. Results showed that dinitro-orthocresol is 
absorbed through the alimentary canal, and its presence can be demonstrated in the blood. Doses 
of the order of 1 mg. per kilogram resulted in concentrations of from 15 to 20 y per gram of 
blood after three to five days. After this concentration had been attained additional doses 
appeared to cause temporary high concentrations associated with symptoms. Forty days after 
the last dose given orally, the blood concentration of the cresol compound was still 1 to 1.5 4 
Dinitro-orthocresol was excreted slowly; the amount appearing unchanged in the urine repre 
sented 1 to 2% of the total amount ingested 

Lassitude, headache, and malaise appeared after 350 to 500 mg. of dinitro-orthocresol had 
been administered and when the blood concentration was about 20 ¥ per gram of blood. Exercise 
had the effect of increasing the blood level, but large quantities of liquid did not cause apparent 
changes 

The results of applying dinitro-orthocresol in aqueous solution to the skin of the volunteers 
tor a limited time were studied. Small quantities of the compound were absorbed from the skin 
and caused an increase in the concentration of the compound in the blood 

Agricultural workers are at risk of absorbing dinitro-orthocresol through the skin, of 
ingesting it, and of inhaling it. If small quantities of the compound are absorbed by any route 
at repeated intervals of not less than 24 hours, metabolism may be disturbed to such a degree 
that one relatively small dose or the effect of environmental temperature alone will result in 
symptoms and signs of increased cell metabolism which are irreversible by any means known at 
the present time.  Dinitro-orthocresol acts as a cumulative poison in human beings. 


DEATH FROM TRICHLOROETHYLENE IN A Dry-CLEANING EstaplisHMeENT. A. Bett, New Zealand 

M. J. 50:119 (April) 1951. 

The odor of trichloroethylene is not unpleasant, and the vapor does not irritate the mucous 
membrane of the nose. Addiction to the fumes of trichloroethylene has been known to develop. 
Perception of the solvent in the atmosphere cannot be regarded as an adequate safeguard, 
esper tally as related to those accustomed to the fumes. Trichloroethvlene is used not only in dry- 
cleaning but also in the degreasing of metal parts in the engineering industry and as a component 
of various commercial products, such as paint removers. As trichloroethylene is slowly decom- 
posed by water, it is often mixed with a stabilizing agent. Decomposition with the liberation of 
phosgene tends to take place under the action of ultraviolet radiation or heat. For this reason 
one must take care that air containing trichloroethylene fumes does not come in contact with a 
Hame. Workers should be warned about the danger of smoking, because when air containing 
trichloroethylene is drawn through a lighted cigaret, the person may inhale sufficient phosgene 
to cause pulmonary edema. 

In dry-cleaning, the type of solvent used may fall into one of two classes—(1) chlorinated 
hydrocarbons, e. g., trichlorcethylene, carbon tetrachloride, perchloroethylene ; (2) petroleum or 
coal-tar derivatives, e. g.. Stoddard solvent, white spirit, cleaning naphtha, benzene, etc. With 
the first group the main risk is a potential health one, whereas with the second the main risk is 
associated with the potential fire hazard. 

In the man whose case is reported here postmortem examination revealed nothing sufficient 
to account for death. The heart was healthy, and there was no disease of the coronary arteries. 
There was nothing abnormal in the lungs save a few enlarged edematous glands at the hilum of 
the left lung. Similarly, nothing abnormal was found in the kidneys, the liver, the stomach, the 
intestines, or the brain. There was evidence that the cause of death was ventricular fibrillation, 
which could have accounted for the instantaneous death. It is interesting to note that the deceased 
exerted himself somewhat, 1. €., starting the motorcycle, before his death, and this could have 
started the attack of ventricular fibrillation. The lack of postmortem findings in previous deaths 
from trichloroethylene has been frequently recorded 


The author gives a de scription of the factory where the accident occurred, the method of 


cleaning used, and various investigations carried out on ventilation, volatility of trichloroethylene, 
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and its concentration at various points in the cleaning plant. He believes that the repeated 


inhalation of high concentrations of trichloroethylene was very largely to blame for the 
unfortunate episode. 


DIETHYLPARANITROPHENYL THIOPHOSPHATE, AN ANTICHOLINESTERASE Compounpn. H. 


L. Deronert, C. R. Le Breton, and R. Martin, Arch. mal. profess. 12: 389-398, 
1951 


The authors review the pathologic physiology of diethylparanitrophenyl thiophosphate. Its 
toxicity is due to its muscarinic, nicotinic, and finally central effects, resulting in cardio- 
respiratory arrest Like diisopropyl fluorophosphate (DFP), diethylparanitrophenyl thiophos- 
phate is an inhibitor of both plasma and red blood cell cholinesterase. Symptoms of intoxication 
do not appear until the level of cholinesterase activity falls below 30% 


, after which the toxic 
effects suddenly manifest themselves. 


During the time of clinically inapparent intoxication, the 
inactivated cholinesterase is being replaced by newly synthesized enzyme and the tissues are be- 
coming sensitized to acetylcholine. Diethylparanitrophenyl thiophosphate is less toxic per se than 
some Other similarly acting agents, such as hexaethyltetraphosphate (HETP) and tetraethyl- 
pyrophosphate (TEPP). However, the fact that it is hydrolyzed much less slowly and that it is 
very soluble in lipids makes it a more insidious and therefore much more dangerous toxic agent. 
The insidious character of this compound is increased by the substitution of an isopropyl group 
for the diethyl group and a hydroxyquinolinoline group for the paranitrophenyl group. 


CLEMENT YAuHIA, Boston. 


Turer Cases or Curonic Leukemia Cavusep By J. 


3ouSSER and S. Tara, 
Arch. mal. profess. 12: 399-404, 1951. 


In the great majority of instances, benzol poisoning produces myeloblastic or lymphoblastic 
leukemia with atypical hematological and anatomical findings. The authors cite three cases of 
chronic myeloid leukemia caused by benzol. This type of leukemia following exposure to benzol 
is extremely rare, with only seven previous cases reported in the literature. In one of the three 
cases cited, leukemia was not apparent until two years after the period of exposure. The level 
of benzol in the patient’s blood was 295 y 10 months and 222 y 13 months after the known time 
of exposure. Traces of benzol could be detected in the blood as late as two and even four years 
after exposure. Most persons eliminate or degrade benzol very rapidly. However, it appears to 
persist in the blood and organs of a few susceptible individuals for weeks and even years. There 
is no explanation of this difference in susceptibility. The authors emphasize that a leucocytosis, 
with or without polynucleosis, which persists and which cannot be ascribed to a known condition 
should make one suspicious of leukemia. They state that a white cell count of over 10,000 per 


cubic millimeter should lead to a change of jobs. This rule should be strictly enforced, especially 
if abnormal forms are present in the peripheral blood. - , 
abnorn orms are present in the peripheral blood CLEMENT YAutA, Boston. 


Leap Potsoninc Causep sy THe Use or Leap Dissoivep Ors. H. L. DeRoBERT, 
R. Le Breton, and R. Martin, Arch. mal. profess. 12:416-423, 1951. 


Lead may be absorbed from the gastrointestinal tract, the respiratory tract, and the skin. The 
gastrointestinal route is the least and the respiratory tract the most dangerous path of entry. 
There is a much higher fixation of lead in the liver in cases in which lead is inhaled. The use of 
oils, aerosols, and oil sprays containing lead salts should be prohibited. Other substances con- 


stituting less of a hazard to worker health should be substituted. Cuswent Yanta. Basten 


Late Hyperpiastic Reaction oF BLoop-FoRMING OrGANS AFTER POISONING WITH YPERITE 
W. MEenzet and I. Wittnoert, Folia haemat. 70:278, 
1951. 

Ten men who had done welding on containers in which war (mustard) gases, particularly 
yperite (bis[2-chloroethyl]sulfide), had been stored, or who had been in the room in which this 
welding had been done, or who had filtered gasoline (applying suction by mouth) that had been 
stored in these barrels, presented the symptoms characteristic of poisoning with war gases of 
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the mustard type. Burn lesions developed after latent periods of several hours. The heat 
developing during welding or the high summer temperature prevailing at the time filtration was 
done probably favored the poisoning. Nausea and vomiting as prodromal symptoms and the 
predominant involvement of eyes and face, of oral and laryngeal mucosa, of the hands, and of 
the skin covering the genitalia were characteristic. The poor healing tendency which is typical 
in poisoning with this type of war gas was evident. Atrophies and telangiectasias developed, and 
even moderate erythema was followed by pigmentation. Most patients also showed impairment 
of metabolism; that is, they showed loss of weight, subacidity of the gastric juice, reduction of 
the vital capacity of the lungs, and catarrh of the respiratory passages, which in some cases was 
accompanied by pulmonary edema. Impairment of the circulatory system was manifested in 
reduction of the blood pressure and in slight electrocardiographic changes. 

It is well known that the mustard gases exert cytostatic effects on the bone marrow, this 
effect having been utilized therapeutically. In the reported cases the inhibiting effect on 
erythro- and leuco-poiesis was mild in the beginmng, but studies that were carried out over 
periods of 11 to 38 weeks after the intoxication revealed leucocytosis with eosinophilia and 
lymphocytosis, some of them to a severe degree. The authors interpret this as an abnormal 
reaction of the hematopoietic organs to a stimulus, the lymphatic as well as the myeloid systems 
being involved. Marrow obtained by sternal puncture in some of the cases revealed a decided 
eosinophilic reaction. Such behavior of the hematopoietic system is not without precedent, since 
in cases of intoxication resulting from benzene or trom roentgen irradiation there occur, in 
addition te the usual aplastic reactions of the marrow, hyperplastic reactions of the leukemic 
type, including the lymphatic apparatus. Most observers are of the opinion that the leukemic 
process is always followed by a hemodestructive process. It is well known that lesions of the 
marrow caused by toxins or rays develop only after weeks or months. The wave-like course of 
the changes in the blood picture is another factor that deserves attention. This wave-like course 
is found in many diseases of the hematopoietic system. The authors point out that erroneous 
diagnosis and therapy may result from these peculiarities. 


SPECTROGRAPHIC DETERMINATION OF LEAD IN THE TEETH OF NORMAL INDIVIDUALS AND 
INDIVIDUALS Exposep To LEAD POISONING. Wyss, Rass. med. indust. 20:40- 
47, 1951. 


The results of the determination of Pb in the teeth of normal individuals and of metal workers 
are reported. Although Pb was present in the teeth of all persons examined, the mean quantity 
of Pb was 27 mg. per gram of dental ash in normal persons, and 58 mg. per gram of dental ash 
in metal workers. An explanation of this difference is given. The results are compared with 
those found by other authors and found to be in accord. A comparison of the quantities of 


Pb in the bone and in other parenchymatous tissues shows that teeth as bone have the function 


of storing Pb circulating in the blood. W. R. E. (Cue. Asst.] 


PROFESSIONAL DERMATITIS CAUSED BY CHLOROMETHYLTHIOPHENE. 
Rass. med. indust. 20:48-50, 1951. 


Carto L. MENEGHINI, 


Experiments in a case of dermatitis caused by working with preparations of a synthetic 
antihistamine, chloromethylthiophene, showed that after the disappearance of the primary lesion 
the same symptoms may reappear, some time later, even on inhalation of the causative sub- 
stance, as a result of an allergic mechanism, when predisposing conditions are created. 


W. R. Ercuvter [Cuem. Asst.]. 
Tue STATE OF DENTAL HEALTH AMONG LEAD WorKERS. ViTTORIO Wyss, Rass. med. indust. 
20: 108-150, 1951. 


Workers after 30 years of continuously slight exposure to Pb had bad dental health. Workers 
exposed to greater quantities of Pb showed still worse dental health. 


F. R. Bucer [Cuem. Apst.]. 
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CANCER OF THE LUNG IN NICKEL, ARSENIC, AND CHROMATE WorkKeERsS. P. LesLey Brpstrup, 


Arch. belges méd. sociale, hyg 8:500-506 (Oct.) 1950. 
lhe literature on the increase of cancer of the lung is examined. The mortality returns for 


inales in England and Wales and reports from various countries of the disease occurring in 


workers in the industries manufacturing or using nickel, arsenic, and chromate, are discussed. 
The Mond process of extracting nickel is described so as to indicate the various dusts and 


fumes to which workers are exposed. Between 1932 and 1936, 20 new cases of cancer of the 


ethmoid and 19 of cancer of the lung were officially reported in Great Britain, and many more 
cases are known to have occurred; but the carcinogenic agent has not been determined ; arsenic 
has been suspected, and measures have been taken for its elimination from the precess and for 
controlling dust exposure. 


Phe evidence that arsenic causes cancer of the lung in workers exposed to dust in its extraction 
and use in manufacture is unconvincing; the fact that the disease occurs among workers engaged 
in the process of smelting ores containing arsenic, as weil as in those employed in the manufacture 
of sheep dip, is strongly suggestive; and in the latter industry statistical findings are significant, 


but the number of cases is so small that the results must be regarded with caution. It has been 


suggested that a predisposition to cancer may exist and that the added irritation caused by 
arsenic may determine its development 


\ high incidence of Jung cancer among workers in the chromate-producing industry has 
heen reported from the United States and Germany, but not so far from other countries. Pre- 
liminary environmental studies in the chromate-producing industry in Great Britain indicate that 
monochromates are the only atmospheric contaminants ; 


in the presence of alkali and humidity 
in the 


factories dichromate is converted to monochromate. A search for cases of lung cancer 


is in progress in the industry in Great Britain, as relevant records of mortality are not available. 
E. L. Mippreton Hye.]. 


Wetpers’ DiIseast An INVESTIGATION OF Two HuNpDRED SIXTEEN MEDICAL RECORDS. 


FE. Micnoter, Arch. belges méd. sociale, hyg. 8:507-513 (Oct.) 1950. 


The 216 workers had been examined two or three times since 1947; 


the occupations were 
gas welding, oxy-gas cutting of metal, and are welding. 


Arc welding is considered most danger- 
ous because of the higher temperature of the arc, the intensity of the light rays, and the use of 
coatings on the electrodes. The findings in the 216 workers were compared with those in 100 men 
of similar ages selected by chance in all occupations and representing the average standard of 
health 

No acute illness from nitrous fumes was met with. Of 99 gas welders, 18 had roentgenograms 
with slight increase of hilar shadows and linear striation after 13 to 21 years’ employment, 


compared with 17% of the controls. Among 32 oxy-gas cutters the roentgenograms of 13 (40.6% ) 
showed enlargement of hilar shadows, and much increased bronchovascular markings and linear 


striation: these workers suffered from frequent colds, irritation of the throat, and cough after 
% to 15 years’ work. Of 85 are welders 52 (61% ) had roentgenograms showing increased hilar 


shadows and linear striation, and diffuse sclerosis; in a few cases there was impaired movement 


{ the diaphragm; the pulmonary changes appeared in are welders within seven years. 


The fumes produced in electric-are welding include carbon dioxide, carbon monoxide, volatile 


fluorine compounds, iron oxide, and other dusts which vary with the metal and the coating on 
the electrodes 


In these examinations the author has never seen a roentgenogram showing fine stippling or 
nodulation (aspect granite) due to oxide of iron; there has been only a localized or generalized 
sclerosis 

Digestive disturbances have sometimes been found 


Among the gas welders one man com- 
plained of dyspepsia, which he 


attributed to the crouching position assumed at work; another 
man had gastric ulcer. Two of the are welders, after working in a confined and ill-ventilated 
space suffered from abdominal cramps, nausea, and vomiting ; 38 of the 85 are welders complained 
of gastrointestinal troubles, which they attributed to fumes from electrodes of certain kinds of 
hard steel; these symptoms never occurred when bare electrodes were used. About 20% of the 
are welders were under normal weight as compared with 11% of the controls. In the great 
majority of the are welders the blood pressure was below normal 


4 


ABSTRACTS FROM CURRENT LITERATURE 40% 


Welding, and especially arc welding, should be carried on in well-ventilated places and, where 
possible, localized exhaust draught should be applied as near as possible to the point of origin 


of the fumes. E. L. Mippreton Hye.}. 


Environmental Conditions 
ATMOSPHERIC Potiution. Loutrs C. McCape, Indust. & Engin. Chem. 43:119A (Sept.) 1951. 


It is reported that considerable research is being done to reduce the air pollution problems 
in Allegheny County, Pa., where many steel mills are located. The steel companies themselves 
are carrying on a good deal of this work, devising methods of collection and means of preventing 


the formation of smoke. E. Berty, Boston. 


Determination of Air-Borne Contaminants 


Tue DETERMINATION OF CARBON Monoxtipe BY MEANS OF IopINE PENTOXIDE. E. G. 
Apams, and N. T. Simmons, J. Appl. Chem. 1:20-40, 1951. 


For a number of vears the method of estimating air-borne carbon monoxide employing 
iodine pentoxide has been recognized for its excellence and sensitivity. Certain difficulties 
have been noted, however, in the applicaton of this method, notably in connection with 
the stability and reactivity of the reagent, the removal of moisture and interfering gases, 
and with the temperature and other conditions of the reaction. Samples of commercial iodine 
pentoxide were found to vary in quality considerably, and all contained matter insoluble in 
water. For this reason, the authors recommend the preparing of pure todic acid by the action 
of fuming nitric acid or chloric acid on iodine crystals; the special precautions necessary are 
outlined and the newer chloric acid preparation is to be preferred, since less purification is 
required and a higher yield is possible. The purified iodic acid should be dried at 105 C. and 
graded 14-25 mesh (B.S.). 

For routine use, when total concentrations of up to 0.2 ml. of CO are to be determined, 
8 to 10 gm. of the iodic acid is placed in pyrex® U-tubes of 3 to 4 mm. internal diameter. 
Dehydration is carried out i situ by raising the temperature to 230-235 C. over a period of 
three-quarters to one hour and maintaining it at this level for one-half to one hour; the 
temperature is then allowed to fall to the recommended reaction level of 150 C. Maximum 
reactivity is dependent on the retention of a small amount of moisture in the pentoxide. 

For drying the air under test or the purging air, pure silica gel dried at 250-300 C. is 
recommended ; for the removal of interfering gases solid reagents can be made by treating pure 
silica gel with acid mercuric sulfate solution saturated with magnesium sulfate, and with 
chromic acid solution, and by drying the products. Their use permits accurate estimation of 
CO in diesel exhaust gases, mine air, smali quantities of coal gas, ete. Where the concentration 
of hydrogen does not exceed 10 to 15 times that of the CO no trouble should be experienced ; 
gas samples containing high concentrations of the C. to Cy, paraffins may prove troublesome, 
though controlled operation of the technique can do much to eliminate their interference. 

The authors describe a semiautomatic, transportable apparatus and detail a suitable technique 
of operation. Variation of reaction temperature within the range 120-180 C. is permissible, 
but 140-150 C. is considered the lowest reliable range. A few milliliters of 3 to 4% aqueous 
potassium iodide solution are used for absorption of the evolved iodine. With fully reactive 
iodine pentoxide the gas sample can be passed at rates up to 80 ml. per minute; 40 to 60 ml. 
per minute is a suitable range for routine work 


Perer C. G. Isaac, Newcastle upon Tyne, England. 


CONSTRUCTION OF AN AvTOMATIC AIR SAMPLING Apparatus. H. G. Bourne Jr., Heat. 
& Vent. 49:65 (Jan.) 1952. 


The device described is based on the principle of the inverted siphon. It automatically 


samples 0.0312 cu. ft. of air (at the rate of 0.1 cu. ft. per minute), or 883.5 cc. (at the rate of 


2,831.5 cc. per minute), every 15 minutes and is designed for use with the standard midget 
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impinger. The concentric siphon used in this design is thought to be more trouble-free than 
the more common inverted U construction. During a 21-hour continuous run the mean deviation 
in sample volume for single cycles was 7 ml. and the maximum and minimum rates of flow were 
0.105 and 0.093 cu. ft. Cycle time varied from 
14.87 to 15.39 minutes. No information is given concerning the uniformity of sampling rate 
during the sampling period. 

a recycling pump. 


(181.5 and 160 cc.) per minute, respectively 


The device may be operated with city water pressure or with 
M. W. First, Boston. 


DERIVATION OF Particle Size DistrRipuTioNn FROM SettTLinG Curve. J. G. Dawes, 


Ministry of Fuel and Power, Safety in Mines Research & Testing Branch, Research Report 
No. 5, 1950. (20 pp.) 


When a dust cloud containing particles of a range of sizes is allowed to settle under gravity 
and at different times thereafter the weight of dust which has been collected at a given level is 
determined, the relationship between weight and time, when plotted, gives the settling curve. 
From such a settling curve the particle-size distribution of the dust cloud can be derived. 


The author gives the results of a mathematical investigation of two methods of arriving 
at the particle-size distribution. The second method is less exact than the first, but with it 
the necessary work can be done in about one hour instead of four hours, and the agreement 
between the results yielded by the two methods is “reasonable.” 


Tuomas Beprorp Hye.]. 


Tue S.M.R.T.B. Carp-Lame Densrrometer. H. Lioyp, Ministry of Fuel and Power, Safety 


in Mines Research & Testing Branch, Research Report No. 6, May, 1950. 


For the rapid sampling and estimation of air-borne dust in coal mines, the hand-sampling 
pump devised by the Pneumokoniosis Research Unit is being widely used. This 6-page report 
describes a pocket-sized densitometer which enables one to evaluate samples taken with the 
P.R.U. hand pump while still in the mine. 


The instrument consists of a photoelectric densitometer weighing only a few ounces, and it 
operates from the light given by the ordinary cap-lamp of the miner. The filter-clip from the 
hand pump is inserted into a slot in the densitometer, and light from the lamp passes through the 
filter paper before falling on to the surface of the photoelectronic cell. The cell is connected 
to a low-resistance microammeter. 

Results obtained from a series of samples are given (1) as evaluated when the samples 
were taken and (2) as subsequently evaluated in the laboratory. The laboratory results show 
some loss of stain density as compared with the underground estimations, and this is taken to 
indicate that some dust was lost from the filter papers in transit to the surface. 


In some instances 
the loss was as high as 15%. 


Hence special care is needed in conveying samples. 
Tuomas Beprorp [Butv. Hye.]. 


DikecT SPECTROGRAPHIC DETERMINATION OF Toxic CONCENTRATIONS OF BENZENE IN THE 
Ark or Factories. J. and A. 


Berton, Bull. Soc. chim. de France, 1951, 
No. 5-6, p. 317. 


The method consists in the direct detection of benzene by its specific narrow absorption bands 
in the ultraviolet at 2,682, 2,611, 2,547, 2,480, 2,430 and 2,375 A. A sample of the contaminated 
air is transferred to a special glass tube 3 meters in length and 2 em. in interior diameter, 
the ends of which are closed by sheets of quartz with parallel faces. A beam of parallel rays 
trom a discharge lamp in hydrogen (continuous spectrum) traverses the length of the tube 
and is analyzed by a spectrograph. One can thus determine less than 0.05 gm. of benzene 
per cubic meter of air, A quantitative determination of benzene can be made by comparing 
with standard samples, or the method can be used simply as a method of control. 


R. Truuact, Paris, France. 
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Direct DETERMINATIONS OF Toxic VAPORS BY ULTRAVIOLET ABSORPTION SPECTRA. 
Bovittot, Bull. Soc. chim. de France, 1951, No. 5-6, pp. 317-318. 


The method consists in determining the toxic vapors (benzene, toluene, xylene, aniline, 
pyridine, styrolene, carbon disulfide, sulfur dioxide, phenol, cresol, nitrobenzene, trichloroethylene) 
by means of their ultraviolet absorption spectra. The relative intensity of the bands of these 
spectra, which are characteristic of the nature of the substance, is a function of the quantity 
of substance vaporized. The originality of the recommended method lies in the fact that the air 
contaminated with toxic vapors is examined directly without previous treatment and that the 
sensitivity of the method can be increased by studying the air concerned under the greatest 
possible thickness. Determinations are made by comparing, by means of a photometer, the 
intensity of certain bands of the spectra in the unknown with the intensity of bands produced by 


standards on the same photographic plate. : ae 
Sraphic plate R. Trunavt, Paris, France. 


SrmMpLiFIED Pipet ANALYSIS FOR Rapip DETERMINATION OF ResprRABLE Dust. G. PFEFFERKORN 
and F. Portuerne, Arch. Hyg. u. Bakt. 133:79-87, 1950. 


The upper size limit of respirable dust is of the order of 5 4, and the proportion of material 
below that size in any given powder can be determined by pipet analysis. The paper describes a 
number of modifications, chiefly to make the method cheaper and simpler and suitable for routine 
analysis, especially of limestone used for stone dusting. 

If 10 gm. of dust is suspended in 1 liter of water and a sample of 10 ml. is taken after one 
hour at a depth of 10 cm., then, after evaporation, the weight in milligrams of the sample gives 
the percentage by weight of respirable dust, provided the specific weight of the material is of 
the order of 2.7. The authors recommend the use of a syringe fitted with a needle of about 
0.9-mm. diameter to replace the expensive pipet-analysis apparatus. Lumbar-puncture needles 
are said to be very suitable. 

The essential of pipet analysis is to ensure good deflocculation, and in order to replace the 
expensive alcohol generally used for limestone dusts the authors tried ammonia and ammonium 
carbonate and finally recommend the use of 0.1% ammonium carbonate solution. The salt 
evaporates above 60 C., and no correction for it is required. 


G. Nacetscumupr [Bull. Hyg.]. 


Guipe Dusts as IN THE Optical ANALYsiIs oF Atr-Borneé Dusts. A. LOpNeR, Staub, 
Oct. 15, 1950, pp. 281-288. 


In order to trace specific sources of air pollution, it is helpful to identify and count typical 
dust components (guide dusts) which may be recognized on microscopic examination of speci- 
mens of air-borne dusts. Examples are given which show good correlation between such counts, 
made by incident-light microscopy, and chemical analyses, of samples collected at various 


distances from the source of the dust, for zinc oxide from a zinc-smelting factory. 


The potential danger of open refuse heaps in Berlin shortly after the end of the war was 
assessed from observations of the characteristic reddish brown lignite ash which decreased 
rapidly as a dust component over a distance of 20 yd. (18 m.). Air pollution from a cement 
factory was traced by observation in polarized light of highly double-refracting cement particles. 
The technique does not replace quantitative chemical analysis but is considered as a useful 


additional rapid method. G. NAGELSCH MIDT [Bull Hyg | 


Dust Emission In INpDustrRY. K. GUTHMANN, Staub, No. 24, March 15, 1951, pp. 11-29. 

This is a comprehensive review chiefly of the non-German literature on the dust content of 
the air in mines and factories and in gases from chimneys of foundries, smelting works, power 
stations, chemical factories, etc. Accepted and recommended standards of dust emission, toxic 
or dangerous concentrations of a number of compounds and a great wealth of figures of different 
kinds are given. Most of the data and references are from periodicals of 1949 and 1950. 


G. NaGetscuMipt Hys.]. 
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On THE PArRTICLE-Size DistriputTion OF GROUND MATERIALS. H. Fricke, Staub, No. 24, 
March 15, 1951, pp. 30-37. 


This mathematical paper discusses the exponential law of Rosin-Rammler on the particle-size 
distribution of material produced by grinding. Various erroneous deductions drawn in the 
literature are discussed critically, and nomograms are given to facilitate the interpretation of 
sieve analyses, and to assess the limits of applicability of the law 


G. NaGeLscHMIpT [BuLL. Hye.]. 


Ventilating, Air Conditioning and Engineering Control 


Repvction of Dust anp Mist in A CurRoMATE PLant. H. G. Bourne Jr., P. M. FRAzIeR, 
and H. T. Yer, Indust. Med. 20:498 (Nov.) 1951 


The concentration of air-borne chromium, and thus the degree of exposure of the workers 
inhaling the chromate dust, was effectively and significantly reduced by industrial-hygiene 
engineering methods, These methods were mainly alterations of equipment handling the sources 
of the dust, changes in the processing, isolation of dusty operations, local exhaust ventilation, 
and process enclosure FarrRoOKH Satpi, Boston. 


VENTILATION OF AN AtTomic-FNERGY Laporatory. Ricuarp E. Houmes, Refrig. Engin. 
59:755-759, 808-810, 1951. 


Protection from the dangers of radioactivity is assured only if the ventilating system is 
designed to provide continual air flow from the worker, across his work, and into the exhaust 


Cuem. Asst. 


INVESTIGATIONS REGARDING AtR-CLEANING Erricrency OF ComMBINED CELLULOSE-FILTER- 
PAPER AND ELECTROSTATIC PRECIPITATOR. GUNNAR LAURELL, B. E. LUNpEN, and GOsTA 
Vanine, Nord. hyg. tidskr., 1951, No. 7-8, p. 203. 


Fests have been carried out to compare the results obtained with a special porous cellulose 
fiber paper and those obtained with a cellulose fiber paper combined with an electrostatic 
precipitator. It was found that with the cellulose fiber paper alone the air was purified well 
with respect to the reduction of both dust (88-90%) and bacteria (90-95%). With the cellulose 
fiber paper and electrostatic precipitator combined, an approximately 100% elimination of dust 


was achieved, and 95 to 98% of the bacteria were also eliminated. 


SAFETY AND HyGiene MEASURES IN THE Use oF INDUSTRIAL SOLVENTS. CHARLES VAUTHIER, 
Occupational Safety and Health 1:103 (July-September) 1951. 


Vauthier reviews the health and accident hazards associated with the use of volatile solvents 
and gives briet descriptions of appropriate control measures, such as exhaust ventilation, personal 


protective equipment and fire prevention precautions. W, Benet, 


Accidents and Their Prevention; Protective Equipment 


Frke AND Exprosion Hazarbs IN ANESTHETIZING AREAS. GEORGE J. THomas, Indust. Med. 


20:509 (Nov.) 1951, 


As long 


as inflammable anesthetics are used there is a danger of explosion due to essentially 
tour tactors 


combustible gases or vapors, oxygen supply, explosive mixtures of 1 and 2 above, 
and ignition source Phe last factor is the unnecessary one, requiring definite control and 
chmination. The control of situations leading to explosions is through attention to various 
possibilities of static electricity generation, proper grounding, use of conductive floors, proper 
humidity, proper use and inspection of electrical, anesthetic, and operating-room equipment ; 
proper personnel clothing. Since an isoelectric state is impossible for everything in the operating 
room, all people concerned must be aware of and thoroughly instructed in all the causes of 
anesthetic fires and explosions Save, 
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Handbook of Dangerous Materials. By N. Irving Sax. Pp. 848. Price $15. Reinhold 
Publishing Corporation, 330 W. 42d St.. New York 18, 1951. 


This is a handbook on handling and using hazardous chemicals. Five thousand individual 
materials are included. The text is divided into five major sections. Section 1, on general 
chemicals, is followed by a section on explosives. Fungus diseases and fungicides and radiation 
hazards are covered in the next two sections. The last section is a complete text of the Inter- 
state Commerce Commission shipping tariff and regulations (Bureau of Explosives). The latter 
portion comprises approximately one-quarter of the book 

The useful portion of this book for industrial physicians and hygienists is the first section 
on general chemicals. It has several misconceptions and inaccuracies, however, which may limit 
its application. One of the most obvious deficiencies is the fact that practically no introduction 
is given to toxicological conceptions ; in particular, the author has presented a very loose definition 
of maximum allowable concentrations (now generally referred to by the American Standards 
Association and nonlegislative bodies as hygienic standards) 

The words “Dangerous Materials” in the title are somewhat alarmist, as many of the 
materials included are far from dangerous. As examples, calcium carbonate and sodium chloride 
may be cited. It would have been less misleading to entitle the book with a less alarming note. 
Many materials are omitted; for example, the common salts of lithium, like the bromide and the 
chloride, are not included, while the rarer forms are presented. Plutonium is given, but no 
mention 1s made of polonium, which is even more hazardous. Under quartz a cross reference 
is given to silica, which could not be found. The description applied to silicon carbide is also 
misleading. In the discussion of alumimum on page 15, on one side reference is made to lung 
damage from aluminum dust, and on the other side this dust is described as safe: the only 
distinction is the word “very” applied to “finely divided.” The discussion in each case is inadequate 
and misleading. 

Nebulous materials such as “sweeping compound” are included with no description of the 
components, which could vary from Fuller's carth to sawdust. “Glue” is another example 
There are at least a dozen forms of glues used in industry under this generic term. 

\nother undesirable teature of the book is the attempt to prescribe medical treatment. In 
many instances where this is done, the prescription is not explicit, nor is it wise to place 
detailed descriptions of treatment in the hands of laymen. A general section on the treatment 
of acute poisoning by inhalation, ingestion, or contact would fit present needs with reference 
to sources for chronic treatment information. This section could be referred to in each case. 
Where symptoms are referred to under each chemical, little information is given as to concen- 
trations or percentages involved in the exposure 

In the reviewer's opinion the book will be of value for immediate reference in the case of 
many uncommon materials. The author has indicated by the composition of the book a marked 
unfamiliarity with the handling of chemicals from their industrial hygiene aspects. There is a 
need for a manual of this type in industry which this book in its present form does not fill. 
It is far more useful for its fungus-disease, shipping, and explosives-handling aspects than for 


its general chemical descriptions 
Lestifé SILVERMAN, Sc.D., Boston 


Decompression Sickness. National Research Council, Committee on Aviation Medicine. 


Subcommittee on Decompression Sickness Pp. 437, with &8 illustrations. Price $8.50 


(42 shillings 2 pence). W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 5; 
7 Grape St., Shaftesbury Ave., London, W.C. 2, 1951 


Ihis ve lume on decompression Sik kness Is a much condensed compilats nm of research reports 


by various university and governmental laboratories brought together by a subcommittee of the 


Committee on Aviation Medicine, Division of Medical Sciences, National Research Council 
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Aithough the editor expresses regret that its appearance has been somewhat delayed, it is 
probable that certain benefits have been gained by the downgrading of classified wartime research 
reports 

Although primarily stimulated by the problems of high-altitude flight and strongly flavored by 
this point of view, the work frequently refers to, and compares these problems with, the related 
problems of caisson and deep-sea-diving decompression. It is a virtue of the work that the 
author of each section has been intimately associated with the projects reported, although this 
has resulted in some divergent opinions. 

The central theme is approached from different directions by the various authors, and the 
reader is permitted to draw his own evaluations. Thus much is gained that might be lost in 
a volume compiled by a single author or by a group of collaborators. 

Physiologists and physicians working in the fields of aviation and submarine medicine will 
find here much that demands careful study. Physics, physiology, pathology, and clinical medicine 
are neatly integrated. Any attempt to condense further this very meaty work would be folly. 


Harry J. Atvis, New London, Conn. 


Klinik und Therapie der Vergiftungen. By Sven Moeschlin, Priv.Doz.Dr.S., Zurich. Vol. 
VIII. Pp. 430, with 53 illustrations. Price 45 German marks (linen binding). Georg 
Thieme, Diemershaldenstrasse 47, (14a) Stuttgart O; Agents for U. S. A.: Grune & 
Stratton, Inc., 381 Fourth Ave., New York 16, 1952. 


Any author trying to cover in one relatively small volume the clinical diagnosis and manage- 
ment of poisoning is confronted with the problem of the proper selection of the various poisons 
and of restricting his discussion to the most essential features. 

Dr. Moeschlin has succeeded in both respects to a very considerable degree. After two 
short chapters on the incidence of poisonings and an outline of their management, the more 
important poisonings are discussed. He takes up in turn poisonings by metals, metalloids, other 
inorganic poisons, organic poisons, plant poisons and their derivatives, food poisonings, and 
injurious effects of animal poisons. Both acute and chronic clinical pictures are described, 
occasionally illustrated by case histories out of the author’s own clinical material and, in some 
instances, by very instructive data sheets and diagrams; this is followed by an outline of the 
treatment and a bibliography. The description of different poisons varies in length and in 
details according to their toxicological importance and perhaps also with regard to their local 
interest. Generally it is restricted to the most essential features and thus gives the reader a 
good picture of the main characteristics; for this reason the omission of less frequent signs 
and symptoms may be justified. 

Although the bibliography is international, with numerous citations of the American and 
English literature, the reader will be pleased to find many articles listed which are less often 
quoted in the American literature. A minor difficulty for the American reader is the frequent 
use of foreign proprietary names for certain drugs proposed for the management of poisonings, 
but this appears unavoidable. 


The book is well bound and printed on excellent paper in very legible print. It should prove 
interesting for many students of the subject. 


W. F. von M.D. 
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Doctor, 
be your own 


judge... 
try this 
simple test 


With so many claims 
made in cigarette adver- 


tising, you, Doctor, no 
doubt prefer to idge for 
yourself. So won’t you 
make this simple test? 


Take a PHILIP MORRIS and any other cigarette 


1. Light up either one first. Take a puff—get a good mouthful of smoke 
—and s-l-o-w-l-y let the smoke come directly through your nose. 


2. Now, do exactly the same thing with the other cigarette. 


You will notice a distinct difference between 


PHILIP MORRIS and any other leading brand. 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 
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for references on ANY SPECIAL SUBJECT use the .. . 


QUARTERLY CUMULATIVE INDEX MEDICLS 


@ Here is an index of the worth-while med- is given, too. Refer to the author and the 
ical literature of the world—the articles in title is also listed. The Index contains a 
hundreds of publications from leading med- list of all journals indexed, including do- 
ical centers. An invaluaple source of refer- mestic and foreign publications as well as 
ence to research workers, libraries, hospitals, high grade lay periodicals; lists of publishers 
clinics and medical schools. and addresses; and medical books of the 
year alphabetically listed according to sub- 


@ you need light on a baffling case, if 
: ject and author. 


you are writing a medical paper, if you are 
preparing for a lecture, or if you are doing ©@ Published twice a year, the July and 
research work, you need the Index. It will January numbers are cumulative for the pre- 
tell you at a glance what articles have ceding six months and are cloth bound for 
recently appeared on the medical subject in permanence in volumes of close to 1000 
which you are interested. Authors and titles pages. Subscription price, $20.00 per cal- 
appear in one complete alphabetical com- endar year. Canadian and foreign postage, 
pilation. Refer to the title and the author $2.00. 


THE INDEX CONTAINS 
Subject and author Index of current medical articles in 
A Convenie ent Key to HUNDREDS OF JOURNALS 
Current Medical List of all journals indexed. List of publishers and addresses. 
Literature Medical books of the year, listed alphabetically according to 
author and subject. 


AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn Street, Chicago 10 


BOOKLETS ON 


MENTAL HYGIENE 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T. 
R. Retlaw. 8 pages. 15 cents. 
MEETING EMOTIONAL DEPRESSION. Franz Alex- 
ander. 16 pages. 15 cents. 
QUESTI : 4 REPORT OF A.M.A. COMMITTEE ON MENTAL 
ABOUT SOAP HEALTH. 48 pages. 15 cents. 
MESMERISM MINUS MESMER. Stefan Zweig. A 
BUYING - discussion of hypnotism. 5 pages: 5 cents. 
NERVOUSNESS. Isidore Margaretten. 4 pages. 5 
cents 


THE TYRANNY OF NERVES. Eoline Church Dubols. 
3 pages. 5 cents 


no commercials — no sales chatter 
but a wealth of informative data that should prove 


invaluable to you and your company throughout 
the future SHOCK THERAPY SAVES MINDS. Harold Shryock. 
5 pages. 5 cents. 


LIGHTFOOT SCHULTZ COMPANY 
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Nasal membrane showing increased 
leukocytes with denudation of cilia. 


Nasal engorgement and hypersecretion 


accompanying the common cold and sinusitis are 
quickly relieved by the vasoconstrictive action of 


Normal appearing nasal epithelium, 
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The decongestive action of several drops in each 
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